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Mr. Mark A. Sauter 
American Journal 
402 East 76th Street 
New York, NY 10021 

Dear Mr. Sauter: 

Ref: 93-F-0479 

This responds to your September 26 1993, Freedom of 
Information Act (FOIA) request pertaining to live-fire tests on 
the C-17 cargo plane. The Air Force referred your request to 
this Directorate, along with records under Office of the 
Secretary of Defense cognizance. Our February 22 interim 
response refers. 

The enclosed records are provided as responsive to your 
request. There are no chargeable costs associated with 
processing this request in this instance. 

Enclosures 

W. M. McDonald 
Director 
Freedom of Information 

and Security Review 

FOI:Kahn:gvk:4F0379L1:03/23/94:gr~k __ yl __ wh __ 



P. --·­-- .. - -- .. ------

DECISION BRIEF TO PEO. 

ON 

USING STATIC WING ARTICLE 

FOR 

LIVE FIRE TEST 

Atlll=-w···:... .., .. -- .. ----
20 OCT 93 
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YCA- CAPT MATEOS 

YCD- L T BARNES 

VCE- MR DOW, MR DOWEL, MR CONDRON 

VCF- MS MATTEIS 

VCK- MS GRIFFITH 

VCL- L T COL BURKE 

VCT- MAJ GUZOWSKI 

VCS - CAPT GORMAN 

· WUFIVS- MR MURPHY, MR LAUZZE 

~ PLUS: MDA (WEST) COUNTERPARTS 
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- SECTION 2366, TITLE 10 REQUIRES SURVIVABILITY TEST OF COVERED 

SYSTEM PRIOR TO MSIII 

- FY 93 AUTHORIZATION ACT SPECIFIED C-17 AS COVERED SYSTEM 

- SECDEF MAY WAIVE "FULL UP TEST" 

- SECDEF MUST CERTIFY TO CONGRESS IT IS UNREASONABLY 
EXPENSIVE 

- ALTERNATE STRATEGY TO EVALUATE VULNERABILITY MUST 
BE IN WAIVER PACKAGE 
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1. REALISTIC SURVIVABILITY TESTING: 

" ••• TESTING FOR VULNERABILITY AND SURVIVABILITY OF THE SYSTEM IN 
COMBAT BY FIRING MUNITIONS LIKELY TO BE ENCOUNTERED IN COMBAT 
A,T THE SYSTEM CONFIGURED FOR COMBAT, WITH THE PRIMARY 
EMPHASIS ON TESTING VULNERABILITY WITH RESPECT TO POTENTIAL 
USER CASUALTIES AND TAKING INTO EQUAL CONSIDERATION THE 
OPERATIONAL REQUIREMENTS AND COMBAT PERFORMANCE OF THE 
SYSTEM." 

2. CONFIGURED FOR COMBAT: "' ••• LOADED OR EQUIPPED WITH ALL 

DANGEROUS MATERIALS (INCLUDING ALL FLAMMABLES AND 

EXPLOSIVES) THAT WOULD NORMALLY BE ON BOARD IN COMBAT" 

SOURCE: SECTION 2366, TlTLE 10, US CODE 4 



P~:::=_ - ...__ --- .. --
28 DEC 92- OSD LETTER TO SAF/AQ DIRECTING TEST OF 
"PRODUCTION REPRESENTATIVE WINGS" VS 14.5mm API & HEI 

AND 12.7mm API & HEI 

29 APR 93 - C-17 TEMP APPROVED BY OSD THAT INCLUDED A 
REVISED APPENDIX F, .. C-17 SURVIVABILITY TESTING," WHICH 
INCORPORATED DIRECTION FROM 28 DE092 OSD LETTER. 

' 
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- EVALUATE EFFECTS OF HYDRODYNAMIC RAM 

- CONFIRM FUEL TANK INERTING AND OTHER FIXES 

- EVALUATE VULNERABILITY OF WING PYLON 

-EVALUATE SURVIVABILITY OF INTEGRATED WING SYSTEMS 

. - CONFIRM LEADING EDGE DRY BAY RESULTS 

~ 

n -INVESTIGATE TRAILING EDGE DRY BAY VULNERABILITY 
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1. AGREEMENT REACHED .ON DISPOSITION OF 

.. PRODUCTION REPRESENTATIVE" WING REQUIREMENT 

FROM 28 DEC 92 FRASER LETTER 

2. AF RESUBMITS WAIVER PACKAGE TO CSD IF CHANGES 

ARE REQUIRED · 

3. SECDEF APPROVES WAIVER & CERTIFIES TO CONGRESS 

THAT FULL-UP TESTING OF A COMPLETE C-171S 

UNREASONABLY EXPENSIVE AND IMPRACTICAL 
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- UNDER SECRETARY OF DEFENSE FOR ACQUISITION TO: 

-- INITIATE WAIVER FOR STATUTORY REQUIREMENT FOR LFT 
OF C-17 

- ADDITIONALLY, ALTERNATIVE LFT STRATEGY FOR 
TESTING PRODUCTION REPRESENTATIVE C-17 WING IS 
UNDER REVIEW 

8 
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MANPAD, OTHER AAA PROJECTILES, SMALL ARMS, 

.--------------4 IR SAMS AUTOMATIC WEAPONS FAE 
ISSUES 

FUEL SYSTEM 
DRY BAY FIRE 

ULLAGE 

RAM INDUCED 
STRUCTURAL FAILURE 

PROPULSION 
FIRE 

UNCONTAINED FAILURE 

ENGINE-FLAP 

FLIGHT CONTROLS 
SEPARATION 

DEGRADATION 

STRUCTURE/CONTROL 
SURFACES (COMPOSITE) 

USER CASUALTIES 

CARGO 

DELIVERY AREA 

UNIDENTIFIED 

$SPENT ON ANALYSIS AND QUALIFICATION TESTING .IZ.5M. 

LOW 
POWER 
LASER 

MEDIHIGH 
POWER 
LASER 

THESE ISSUES GENERALL 
NOT APPLICABLE TO 

THESE THREATS. 
PERTINENT ISSUES NEED 

TO BE IDENTIFIED 
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TEST ARTICLE 

COMPOSITE PANEL 

COMPONENT LFTS: 
OBIGGSIBOTILE 
CREW ARMOR 
FLAP HINGE, 
RAMP ACCUMLATOR 
UPPER WING SKIN 

FIREX BOTTLE 

C-130 FUEL TANK 

8-701FUEL TANK 

WING LEADING EDGE 
ARTICLE 

STATIC WING 
TEST ARTICLE 

~gr~ l!mJa:J 
V' > ' • ' '. > 0 0 ' '0 vA 0 ' 'A 

IRVnR 

12.7MM 

API HEI 

DEC92 PLANNED 
ROUNDS NOT 
AVAILABLE 

NOV91 
FEBB9 
OCTBB 
FEB92 
NOV92 

ONGOING 

SEP93 PLANNED 
ROUNDS NOT 
AVAILABLE 

'I!;U41 I &lUll!; t. 444\ 

14.5MM 23MM 

API HEI API HEI 

JUN93 JUN93 

' 

' 
MAR93 

APR93 

OCT93 OCT93 

$ SPENT ON BALLISTIC TESTS S 4 5M 
TOTAL SPENT TO DATE ON LFT 112M. 

1na 

30MM 

API HEI 
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• OBTAIN MOA'S WITH WRIGHT LABS, 4950TH & CHINA LAKE 

- DETERMINE RESPONSIBILITIES 

-ENSURE TEST RANGES ARE AVAILABLE/CAPABLE 

• DEVELOP TEST PLANS 

- DETERMINE SHOT LINES, LOCATIONS AND PRIORITIES 

,, DEVELOP CONTINGENCY PLANS 

• INITIATE TEST ARTICLE DESIGN 

• ASSESS STATIC ARTICLE 

- ASSEMBLY INDEPENDENT TEAM TO DETERMINE 

)) STATIC WING SUITABILITY FOR TEST 

)) MODIFICATIONS FOR PRODUCTION REPRESENTATIVE 
CONFIGURATION 

• DISASSEMBLE WING FROM STATIC FIXTURE 

• SHIP STATIC ARTICLE TO REFURISHITEST SITES 

11 
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• ORDER TEST ARTICLE COMPONENTS AND MATERIALS 

• FABRICATE UNIQUE PARTS 

• INSTALL COMPONENTS & PARTS AND REFURBISH TEST ARTICLE 

• .PROCURE LFT 12.7MM AND 14.5MM AMMUNITION 

• TRANSPORT TEST ARTICLE TO TEST FIXTURE 

• CONDUCT TEST SHOTS 

-ASSUMES 
,, 8 SHOTS PER ARTICLE 

,, ARTICLES TO BE REFURBISHED BETWEEN SHOTS UNTIL 
UNREPAIRABLE 

• DISPOSAL OF TEST ARTICLE 

• REDUCE DATA AND WRITE REPORTS 

• FEEDBACK TEST RESULTS TO DESIGN ENGINEERS AS REQUIRED 

12 
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- TEST PLAN IS TO PRIMARILY USE RIGHT WING WITH LEFT WING AS A 

POTENTIAL BACKUP 

1A- #3 INBOARD TANK, SEAL TANK, NO SYSTEMS 

1 B - #3 AND #4 TANKS, SEAL TANKS, NO SYSTEMS 

2A - #31NBOARD TANK WITH INTERNAL SYSTEMS 

,, COMPONENTS- NORMAL LEAD TIME & ROB FROM PRODUCTION 

28 - #3 AND #4 TANKS WITH INTERNAL SYSTEMS 

, COMPONENTS - NORMAL LEAD TIME & ROB FROM PRODUCTION 

3A - ##3 TANK WITH INTERNAL AND TRAILING EDGE SYSTEMS 

3B - TWO TEST ARTICLES: RAM TEST ARTICLE AND TANK WITH 

TRAILING EDGE SYSTEMS 

,, COMPONENTS- NORMAL LEAD TIME & ROB FROM PRODUCTION 

4 • TWO TEST ARTICLES: RAM TEST ARTICLE AND TANK WITH 

LEADING AND TRAILING EDGE SYSTEMS 

5 - RIGHT HAND WING WITH ALL SYSTEMS & 1 ENGINE PYLQN 

13 
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•RAM TEST #3 TANK 

-TANK TO BE SEALED 

LEFT WING 

TANK111 TANK 112 

X- PROPOSED SHOT LOCATIONS 

TANK114 

14 
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• RAM TEST #3 & #4 TANKS 

-TANKS TO BE SEALED 

TANK 1#1 TANK 1#2 

X - PROPOSED SHOT LOCATIONS 

15 
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• RAM TEST #3 TANK 

- INTERNAL SYSTEMS INSTALLED 
-TANK SEALED 

LEFT WING 

TANKt1 TANKI2 

X- PROPOSED SHOT LOCATIONS 

TANKI4 
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• RAM TEST #3 & #4 TANKS 

- INTERNAL SYSTEMS INSTALLED 
-TANKS SEALED 

LEFT WING 

TANKit1 TANKII2 TANKI3 

X- PROPOSED SHOT LOCATIONS 
17 
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• RAM AND TE TESTING 

- #3 TANK WITH INTERNJ\L AND TRAILING 
EDGE SYSTEMS 

-TANK SEALED 

LEFT WING 

TANKit1 TANKI2 TANKI4 

X - PROPOSED SHOT LOCATIONS 
18 

0 

~ 
N 
IS! 

\1) 
l•J 

.... .... 
loJ .... 
~ 

., 
" . ' 



p_:;=_ - ~- ... - .. --
TWO TEST ARTICLES 

• RAM TEST #3 TANK • TE SYSTEMS TEST #2 TANK 
- TE SYSTEMS INSTALLED - INTERNALSYSTEMSINSTALLED 

- TANK SEALED 

LEFT 

TANKif1 TANKI4 

X- PROPOSED SHOT LOCATIONS 
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TWO TEST ARTICLES 

• RAM TEST #3 TANK • LE & TE SYSTEMS TEST #2 TANK 
• LE & TE SYSTEMS INSTALLED - INTERNALSYSTEMSINSTALLED 

-TANK SEALED 
'%¢.-~ 

~<91GHT WING 

) 
TANK#1 TANKI4 

X- PROPOSED SHOT LOCATIONS 
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TANK81 TANK12 

X- PROPOSED SHOT LOCATIONS 
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OPTIONS 

1A-TANK 13 RAM 

1B-TANKSI3&14RAM 

2A -TANK 13 WITH INTERNAL SYSTEMS 

2B- TANKS 13 & 14 WITH INTERNAL SYSTEMS 

3A- TANK 13 WITH INTERNAL & TE SYSTEMS 

38- TWO TEST ARTICLES 

A} RAM 

B) TE SYSTEMS 

4- TWO TEST AHII .. ·.·. 

A) RAM 

B) TE & LE SYSTEMS 

5 - RH WING WITH ALL SYSTEMS & 1 PYLON 

: 

THREAT (SMALL ARMS & AAA) 

12.7MM 14.5MM 

API HEI API HEI 

RAM X X X X 

TE 

LE 

PYLON 

RAM X X X X 

TE X X X X 

LE 

PYLON ' 

AAIIAI y y X y 

TE X X X X 

LE X X X X 

PYLON 

RAM X X X X 

TE X X X X 

LE X X X X 

PYLON X X X X 
X- TEST TO BE PERFOR.MED 

23MM 30MM 

API HEI API HEI 

tC.tC. 
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OPTIONS 

1A-TANKI3RAM RAM 

1B·TANKSt3&14RAM TE 

2A -TANK n WITH INTERNAL SYSTEMS LE 

28 ·TANKS 13 & 14 WITH INTERNAL SYSTEMS PYLON 

3A ·TANK 13 WffH INTERNAL &TE SYSTEMS RAM 

38 ·TWO TEST ARTICLES TE 

A) RAM LE 

B) TE SYSTEMS PYLON 

4 • TWO TEST ARTICLES RAM 

A) RAM TE 

B) TE & LE SYSTEMS LE 

PYLON 

5 • RH WING W(JH ALL SYSTEMS & 1 PYLON RAM 

TE 

LE 

PYLON 

X- TEST TO BE PERFORMED A· ANALYSIS 

THREAT (SMALL ARMS & AAA) 

12.7MM 14.5MM COST 

API HEI API HEI OPT TY$(M) 

X X X X 1A 2.01 

A A A A 19 3.05 

WLE A A WLE 2A 2.27 

~ A A A 28 4.43 

X X X X 3A 6.82 

X X X X 3B 8.26 

WLE A A WLE 

A A A A 

X X X X 4 9.25 

X X X X 

X X X X 

A A A A 

X X X X 5 15.71 

X X X X 

X X X X 

X X X X 
WLE- WING LEADING EDGE ARTICLE TESTS 

%PROD 

REPRESENT 

70 

75 

78 

85 

88 

88 

90 

95 
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- LEFT WING DAMAGED DURING 2ND STATIC VVING FAILURE 

-FURTHER TESTING ON STATIC ARTICLE IS REQUIRED 

- MAX WING DOWN BENDING 

- MAX PYLON LATERAL GUST LOAD 

- BRAKED TURN DURING TAXI 

- CONDITION OF STATIC ARTICLE WILL NOT BE KNOWN UNTIL APR 94. 

- ADDITIONAL TESTING ON STATIC ARTICLE MAY BE REQUIRED BY DOD 

- PENDING INDEPENDENT REVIEW TEAM FINDINGS 

- ARTICLE IS PRODUCTION REPRESENTATIVe: FOR PLANNED SHOT LINES 

24 
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1. STATIC WING ARTICLE USEABLE IN POST STATIC TEST CONDITION 

- WING WILL BE AVAILABLE 1 APR 94 

2. GOVERNMENT FACILITIES/SUPPORT AVAILABLE AND U3ED TO MAX 

EXTENT 

- 4950TH MOD CENTER REFURBISH WING 

- CHINA LAKE/WL LIVE FIRE FACILITIES CAN SUPPORT THE SCHEDULE 

3. COMPLETED WLE ARTICLE DRY BAY LF AND COMPONENT TESTING DATA 

ACCEPTABLE 

4. TANK INERTING CAPABILITY VERIFIED BY OBIGGS DT&E 

5. TANK INERTED TO SIMULATE OPERATIONAL OBIGGS 

6. WING PYLON EVALUATED BY ANALYSIS ON ALL BUT OPTION 5 

7. SCHEDULES ASSUME NORMAL LEAD TIME FOR PARTS/COMPONENTS AS 

WELL AS ROBBING FROM PRODUCTION LINE 

8. FY 94/95 FUNDING PROFILES WILL REQUIRE REPROGRAMMING 

WITH SOME OPTIONS 

9. COSTS REFLECT OVERTIME FUNDING TO ENSURE SCHEDULE 25 
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12 

40 IIIIIIIMONTHS 

35 
--+-TY$(M) 

10 D 
0 

8 L 
L 
A 

6 R 
s 

M 30 
0 
N 25 
T 
H 20 s 

15 

10 4 

5 2 

0 0 
1A 1B 2A 2B 3A JB 4 5 

OPTIONS 
COST AND SCHEDULE ESTtMATES BASED ON PARTS BEING AVAILABLE WHEN ORDERED 
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STAllCWING 1A 18 2A ZBTANKS 

LFT TANK 13 TANKS TANK 13 u &4 

RAM 13&14 WITH WITH 
COST DATA RAM INTERNAL INTERNAL 

TY${M) SYSTEMS SYSTEMS 

DESIGN, FAB 0.7 .97 0.76 1.13 

PLANNING 

. 
TEARDOWN 0.09 0.05 0.09 0.05 

TEST 0.64 1.12 0.64 1.12 

COMPONENTS 0 0 0.14 .89 

OGC 0.11 0.22 0.11 0.22 

SUBTOTAL 1.54 2.36 1.74 3.41 

SPD RES (30%) .47 .69 .53 1.0Z 

TOTAL 2.01 3.05 2.27 4..43 

COMPLETION 

DATE 

NORM LOT AUG95 FEB86 MAR96 FEB97 

ROB PROD NIA NIA NOV95 MAY96 

3A 38 
TANK13 TWO TEST 

WITH ARTICLES 

INTERNAL A) RAM 

SYSTEMS B) TE SYSTEMS 

&TE 

1.75 2.26 

0.09 0.10 

0.72 1.20 

2.57 2.57 

0.11 0.22 

5.24 6.3!: 

1.57 1.91 

6.82 8.26 

MAY96 JUN97 

NIA SEPB6 

4 

TWO TEST 

ARTICLES 

A) RAM 

B) TEALE 

SYSTEMS 

2.56 

0.10 

1.20 

3.03 

0.22 

7.11 

2.14 

9.25 

JAN97 

NfA 

5 
RHWING 

WITH 

ALL 

SYSTEMS 

& 1PYLON 

4.51 

0.10 

2.43 

4.82 

0.22 

12.08 

3.63 

15.71 

MAY97 

NfA --£1 
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• DESIGN, FAB, PLANNING 

- DESIGN, FABRICATION AND PLANNING TO MAKE TEST ARTICLE 
REPRESENTATIVE 

•• ESTIMATED BY WRIGHT LABS 

• TEARDOWN AND TRANSPORTATION 
- 8 PERSON TEAM FROM SAN ANTONIO ALC/LAA 

,, DISASSEMBLY, CRATE AND TRANSPORT 

• TEST · · · ····· · · · ··- · · · · -· -· ·· · · · · · · · - · - ·· · - ···- · -·· · · · ·· - ·· · · 

-INSPECTION, SEALING, SET-UP, TESTING, TEARDOWN AND 
REPORTING 

,. ESTIMATED BY WRIGHT LABS 

• COMPONENTS 

- PARTS NOT MANUFACTURED AT WRIGHT LABS 

- SUPPLIER DATA FOR CURRENT QUOTES 

- SPARES FOR TEST CONSUMABLES 

,, PARTS AND SPARE REQUIREMENTS ESTIMATED BY VCE 

-PARTS ASSUMED AVAILABLE 28 
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• 64 PARTS IDENTIFIED AS HAVING LEAD TIMES> 6 MONTHS 

- FUEL & HYDRAULIC SYSTEMS; STRUCTURES 

• LONGEST LEAD: 32 MONTHS (PYLON) 

. . • MEAN LEAD TINiE: 13 MONTHS 

• WIRE HARNESSES NOT VET ANALYZED FOR LEAD TIMES 
' 

IF PARTS ARE TAKEN FROM PRODUCTION LINE, UNQUANTIFIED DELAY & 

DISRUPTION COSTS WILL BE INCURRED 

29 
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1. RIGHT HAND WING USEABLE/SUITABLE tu)-v 1 -(~'"·'tit. .• 

~~-u-~ , 
2. PARTS AVAILABILITY 

-- PRODUCTION IMPACT 

3. DEFINITION OF PRODUCTION REPRESENTATIVE 

4. 12.7 MM HEI AVAILABILITY 

30 

0 
n 
--< 

<fl 
l•J 

.... 
~· 

., 
,. 
0 



P~::=_ - --- .. - ... --
- PROCEED WITH OPTION 1 A 

-- PERFORM HYDRODYNAMIC RAM TESTING ON #3 INBOARD 
TANK 

- JUSTIFICATION 

-- LOWEST TECHNICAL RISK 

-- SCHEDULE ESTIMATE MEETS MS 1118 

-- LOWEST COST 

-- NO PARTS/PRODUCTION IMPACT 

-- MEETS INTENT OF LFT LAW 

--- FULFILLS OUTSTANDING DATA REQUIREMENTS 
31 
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LFT Option 1e "A11 

Structural Hydrodynamic Ram Test of Inboard Main Fuel Tank 

Task Name 

lFT DECISION 

OWNERSHIP AGREEMENT 

. WRIGHT LABS MOA 

TEST PLANNINGJMANAGEMENT 

BAH ON CONTRACT 

DRAWINGS FROM MDA 

ASSESS STATIC ARTICLE-- · ·· ···· - - -···-- · ···- ·--

DISASSEMBLE STATIC ARTICLE 

.. DISPOSAL OF STATIC ARTICLE 

. • TRANSPORT TEST ARTICLE (GRND) 

. MINORREPAIRATTESTFACILITY 

. CONDUCT TEST AT WRIGHT LABS 

. REPORTING 

LFT REPORT TO OSD 

MILESTONE 1118 

. LFT REPORT TO DAB 

MILESTONE 1118 

Q1 

. 
.A.: 

' : 
~ 
I1S;'liZl . 
mil 
tid 

. . 
: • • • • • : . 
• • -rJ -· 
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~ 
ilttzl : :m . -: ·-
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' . . . . 
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LFTOp 'One •s" 
Structural Hydrodynamic Ram Test of Saml-Span 

Inboard and Outboard Fuel Tanks 

1994 

Task Name 01 Q2 Q3 Q4 01 

• 
LFT DECISION .... • • • . • 
OWNERSHIP AGREEMENT = . . • 
WRIGHT LABS/CHINA LAKE MOA ~ ; 

. . 
TEST PLANNING/MANAGEMENT 

: 
BAH ON CONTRACT . . 

: . . 
DRAWINGS FROM MDA . ~: • • • . -·-· 1------~- --·--i-- ---· ---~- ------ ------------ --------- -· --· --- --· -·--·- -""·" -----·-----·--
ASSESS STATIC ARTICLE . . . . . . . 

- DISASSEMBLE STATIC ARTICLE . b ~ . . 
• . 

TRANSPORT TEST ARTICLE - GRND :~ . . --: · .. . 
DISPOSAL OF STATIC ARTICLE :rm . .·.-. . .. 
MINOR REPAIR ATTEST FACILflY 

CONDUCT TEST AT CHINA LAKE 

REPORTING 
• 

MILESTONE IIIB 

LFT REPORT TO OSD 

LFT REPORT TO DAB 

MILESTONE IIIB (All) i 

1995 1996 

Q2 03 04 Q1 Q2 Q:J 

• . • . . . . . . . . . . : . 
: . . . . . . . • . . . . 

. . . . 
•· . . . . . • : . . 

,_.,_, .z-. :..;~-~ .. .. ! ,,, .. , ----· .... ·--· -- -~·-•--·-----'-

. 
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:.... • • • 
• • 
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LFTOr 1 Two ''A" 
Stluctural and Internal Systems Hydrodynamic Ram Test 

Inboard Main Fuel Tank (Parts tram Production Available) 

• 1994 1995 

Task Name Q1 Q.2 Q3 04 Q1 Q2 Q3 
L~ 
' LFT DECISION A 

: . . • • . 
. OWNERSHIP AGREEMENT • • . 

• . • • ; • • . 
t; = . • : 

WfliGHT LABS MOA . . • . • . . 
. 
·. TEST PLANNING/MANAGEMENT 

• BAH ON CONmACT = . . . . . . . 
~· 

. . 
DRAWINGS FROM MDA • . 

: . . . • : . 
~· 

. . . ASSESS STATIC ARllCLE . . . . . 
·-· .. -~·--

.. ·' .. .. ·.. .. . ... .. -- - . :: PARTS ORDERED/ARRIVED ~~; 

DISASSEMBLE STATIC ARTICLE ~ . . . 
DISPOSAL OF STATIC ARllCLE. • =p . . 
TRANSPORT TEST ARTICLE • GRND • MINOR REPAIR AT TESf FACILITY m 

• 

lim 
• 

FABRICATION & INSTALLATION 
• 

CONDUCT TEST AT WRIGHT LABS 

Q4 

..... 

~-
·REPORTING 

. i ;:~ • . 
• • . 

MILESTONE IIIB • : ~ . • . . 
~~ LFT REPORT TO OSD : . . • . • 

LFT REPORT TO DAB . • 

\ 
. • . 

l . 
MILESTONE IIIB (AI..!} 

• 
1 1 i 

. 
: 

~ . . . 

'· 

1996 

QIIQ2 Q31 Q4 

. ... . . . . - . 

. 
• 

? 
:& : 1 

P' .. 

I·· 

0 

C1 
N 

"' 
lll 
(}) 

"' ..... 



LFT Opf · · Two 11A" 
Strudural and Internal Systems Hydrodynamic Ram Test 

Inboard main Fuel Tank (Normal Lead Time) 

1994 1995 

Task Name Ql I Q2 Q3 04 01 Q2 03 Q4 
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1 : : 

CONDUCT TEST AT CHINA LAKE • : . . . . . • MILESTONE 1118 . 
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Inboard Fuel Tank 
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LFT Op1' Three "B" 
Structural, Internal Systems Hydrcd), .... nic Ram & Trailing Edge Dry Bay Test 
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LFT Optic- '"=our 
Structural, Internal Systems h. .xlynamlc Ram Testing 

Leading Edge & Trailing Edge Dry Bar Testing-- Both Inboard Fuel Tanks 
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SAF/AQ 
PentagOn RM 4E964 
Washington DC 20330-1000 

DEPARTMENT OF THE AIR FORCE 
WASHINGTON OC 20330-1000 

D£C 0 3 1992 

MEMORANDUM FOR PRINCIPAL DEPUTY UNDER SECRETARY OF DEFENSE 
ACQUISmON 

SUBJEcr: C-17 Vulnerability Program 

I am writing to provide the Air Force approach for assessing the vulnerability of the C-17 
aircraft for your review and consideration. The design of the ain:r.lft should have the highest 
practical level of protection against threats that cannot rcadDy be detected, evaded. or countered, 
consistent with the planned opcialion of the C-17. In addition, test planning will take into 
account potential cost, schedule and performance implications. In this rcgani, testing will be 
limited to assessment of single shot vulnerabilities for which there arc potential practical fixes of 
modest cost and minimal weight penalties. 

The FY93 Authorization Act requires that, " ••• sufficiently large and realistic components 
and subsystems ••• " be used in any C-17 Live Fire Test (LFT) program alternative. To date, we 
have been unable to reach agreement with the OSD S13ff on an acceptable plan. As a result, we 
have modified our phased LFr approach (outlined in the Aug 92 C-17 Test and Evaluation 
Master Plan) as described below to address the OSD conccms. 

Testing will be accomplished on a production representative wing (probably the static test 
article wing with the leading and trailing edge dry bays n:configmcd to include fuel, hydraulic, 
electrical and other systems). The tests will dctetmine the vulnerability of the aircraft to 1) ram­
induced suuctmal failure and 2) dry bay fire irririarion and sustainment in the wings. The test 
program will be conducted in two phases. The first will dctetminc if potential vulnerabilities 
identified through analysis actually exist, and the second will test any proposed modificatious to 
resolve the vulnerabilities, if the condition of the test article malccs such testing practical. The 
wing will be subjected to 12. 7mm API and HEI and then 14.5mm API and HEI projccdle 
ballistic tests until the test article is rendered unsuitable for additional testing. 

Since the scope of this testing is beyond what was previously planned for the C-17, we will 
provide a detailed implementation plan within 90 days of your concurrence on this approach 
which will include budget, required funding, schedule, and test range requirements. -· 

• 

J:h ~ i!h .·· 
G. KIM WINCUP ~ 

AsstsaN Sectatary ot tne Air Forca 



Notation system for Changes 

IE~ 
[rationale for change] 

SAF/AQ 
Pentagon RM 4E964 
Washington DC 20330-1000 

MEMORANDUM FOR PRINCIPAL DEPUTY UNDER SECRETARY OF DEFENSE 
ACQUISITION 

SUBJECT: C-17 Vulnerability Program 

I am writing to provide the Air Force approach for assessing 
the vulnerability of the C-17 aircraft for your review and 
consideration. The design of the aircraft should have the 
highest practical level of protection against threats that cannot 
readily be detected, evaded, or countered, consistent with the 
planned operation of the C-17. In addition, test planning will 
take into account potential cost, schedule and performance 
implications • In this regard, testing will be limited to 
assessment of single shot vulnerabilities for which there are 

f fixes of modest cost and minimal weight §!@ 
~jtLI!ii§! S · [some of the fixes looked at may reduce 

~u~~z , which will aggravate payloadjrange]. 

The FY93 Authorization Act requires that, " ••• su~ficiently 
large and realistic components and subsystems ••• " be used in any 
C-17 Live Fire test (LFT) program alternative. To·date, we have 
been unable to reach agreement with the OSD staff on an 
acceptable plan. As a result, we have modified our phased LFT 
approach (outlined in the Aug 92 C-17 ·rest and Evaluation Master 
Plan) as described below to address the OSD concerns. 

Testing will be accomplished on a ~ production 
representative wing {to insure tests are one on a C-17 type wing 
precluding substitution of some other aircraft's wing} (probably 
the static test article. wing with the leading and trailing edge 
dry bays reconfigured to include fuel, hydraulic, electrical and 
other systems). The tests will determine the vulnerability of 
the aircraft to 1) ram-induced structural failure and 2) dry bay 
fire initiation and sustainment in the wings. The test program 
will be conducted in two phases. The first will determine if 
potential vulnerabilities identified through analysis actually 
exist, and the second will test any proposed modifications to 
resolve the vulnerabilities, if eae eeHai~ieH ef the ~es~ ar~iele 
m~tes seea ~es~ift! prae~ieal [to restore test of fixes on some 
C-17 even if one of the two cannot be. used 
for L:_ subjected to 12. 7mm 
API g~ · first determine if C-17 



all o~ the projectiles types 
impact o~ ammunition or fuel detonations affecting the aircraft 
structure, nor fully reflect requirements of the October 23, 
~992, FY 93 Authorization Act, P. L. ~02-484 regarding user 
casualties}m 

per P. L. ~02-
484] a detailed implementation plan within 90 days of your 
concurrence on this approach which will include budget, required 
funding, schedule, and test range requirements. 

Prepared by Dr. Milton J. Minneman, S&SSCAS), x53359, December 17, 1992 
file: c17vun.b~ Pill 14 
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SAF/AQ 
Pentagon RM·4E964 
Washington DC 20330-1000 

MEMORANDUM FOR PRINCIPAL DEPUTY UNDER SECRETARY OF DEFENSE 
ACQUISITION 

SUBJECT: C-17 Vulnerability Program 

I am writing to provide the Air Force approach for assessing 
the vulnerability of the C-17 aircraft for your review and 
consideration. The design of the aircraft should have the 
highest practical level of protection against threats that cannot 
readily be detected, evaded, or countered, consistent with the 
planned operation of the C-17. In addition, test planning will 
take into account potential cost, schedule and performance 
implications. In this regard, testing will be limited to 
assessment of single shot vulnerabilities for which there are 
potential practical fixes of modest cost and minimal weight and 
fuel capacity penalties. 

The FY93 Authorization Act requires that, " ••• sufficiently 
large and realistic components and subsystems ••• " be used in any 
C-17 Live Fire test (LFT) program alternative. To date, we have 
been unable to reach agreement with the OSD staff on an 
acceptable plan. As a result, we have modified our phased LFT 
approach (outlined in the Aug 92 C-17 Test and Evaluation Master 
Plan) as described below to address the OSD concerns. 

Testing will be accomplished on a C-17 production 
representative wing (probably the static test article wing with 
the leading and trailing edge dry bays reconfigured to ~.nclude 
fuel, hydraulic, .. 1 .. -:-i-rical and other systems). The te·~ts wi..ll 
determine the vulnerability of the aircraft to 1) ram-induced 
structural failure and 2) dry bay fire initiation and sustainment 
in the wings. The test program will be conducted in two phases. 
The first will determine if potential vulnerabilities identified 
through analysis actually exist, and the second will test any 
proposed modifications to resolve the vulnerabilities. The wing 
will first be subjected to 12.7mm API to verify contractual 
compliance and then to 12.7mm HEI and 14.5mm API and HEI 
projectile ballistic tests until the test article is rendered 
unsuitable for additional testing. Upon completion of these 
tests, the Air Force, in consultation with your staff, will 
consider extending the tests to 20 and 23mm projectiles. 

In addition to these tests, additional analyses will be 
performed to determine, when the aircraft is subjected to the 
12.7 and 14.5mm projectiles above, vulnerability with respect to 
pylon fire, vulnerability with respect to potential user 
casualties, and whether catastrophic vulnerabilities exist (e.g., 



major structural damage due to detonation of selected flammables 
and explosives cargoes, disabling of the aircrew or the throttle 
quadrant). 

Since the scope of this testing is beyond what was previously 
planned for the C-17, we will provide an outline of the 
implementation plan and draft waiver language required by 
P. L. 102-484, section 132. (c) within 30 days and a detailed 
implementation plan within 90 days of your concurrence on this 
approach which will include budget, required funding, schedule, 
and test range requirements. 

Prepared by Dr. Milton J. Minneman, S&SS(ASl, x53359, December 17, 1992 
Fie c17wft.blt pg20 
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1. INTRODUCTION 

Chapter 139 of Title 10, United States Code, Section 2366, states, "a covered system may 
not proceed beyond low-rate initial production until realistic survivability testing is completed 
... " As requested by the C-17 System Program Office (SPO), HQ AFSC designated the Vehicle 
S ubsystcms Division, Flight Dynamics Directorate, Wright Laboratory CM.JF'N) the Responsible 
Test Organization for the C-17 Live Fire Test (LFT) program. The C-17 LFT program will be 
conducted at the Aircraft Survivability Research Facility, Wright Patterson AFB, OH and other 
government test ranges as necessary. 

This test plan details supplemental testing to the C-17 LFT program to address a concern 
that catastrophic strUctural damage may be inflicted on the structure of a wing from the pressure 
and fragmentation effects of the 23mm High Explosive Incendiary - Tracer (HEI-T) antiaircraft 
projectile. While there is a large data base on the performance of the 23mm HEI-T, only limited 
information is available on the damage that can be inflicted by the fragmentation and blast of a 
23mm HEI· T round on a large wing rank. 

The pressure effects of an HEI-T projectile in a fluid filled container are often generically 
referred to as "hydrodynamic ram". Two types of pressure effects are typically observed with 
the detonation of a high explosive projectile, however, and the conttibution of each effect to the 
global damage of the wing tank is important. The extremely rapid pressure build up associated 
with the detonation of the projectile generates a blast (pressure) wave in the fluid. This wave 
initially propagates at a velocity greater than the speed of sound in the fluid (supersonic) and is 
characterized by a nearly instantaneous pressure rise to a peak pressure, followed by an 
exponential decay of pressure as the wave passes. This blast wave can have peak overpressures 
well in excess of 1000 psi several feet from the detonation point (for a 23mm HEI-T projectile), 
but the duration of the pressure pulse is measured in milliseconds. The effect of the blast wave 
on tank wall StrUCture is not affected by the amount of venting or ullage in the tank, since the 
blast wave is not influenced by fluid conditions behind the shock. 

After the detonation, a bubble of expanding combustion products begins to exert another 
pressure force in the liquid. The expansion of the combustion product gasses leads to a condition 
sometimes referred to as the quasi-static pressure, a uniform, subsonic pressure event. Since the 
buildup of the quasi static pressure is a much slower event than the blast wave, it is affected by 
both the vent area of the container and the compressibility of medium within the tank. 

In addition to the pressure effects of the HEI-T detonation, the projectile can cause 
sttuctural damage by the removal of material through impact of its fragmented e-,;plosive casing. 
Fragments from the 23mm .HEI-T are relatively small, usually well below 0.05 lbs and are 
irregular in shape. Because of their irregular shape, the fragment of a 23mm HEI-T do not travel 
well through liquid (high drag) and there is some evidence that several feet of water is sufficient 
to effectively stop them (Reference 1). 

1 
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2. TEST AND EVALUATION ISSUE 

2.1 Issue 

Is the C-17 wing vulnerable to structural damage from a 23mm high explosive incendiary 
- traeer (HEI-T) projectile impacting a wing fuel tank? 

2.2 Measure of Evaluation (MOE) 

The measure of evaluation will be the likelihood of a reduction of load carrying capability 
or failure of the C-17 wing resulting from (1) loads analytically applied to the C-17 wing which 
have been derived from the results of C-130 and Boeing 707 testing and (2) damage analytically 
applied directly to the C-17 wing which have been collected from the results of C-130 and 
Boeing 707 testing. 

2 
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3. TEST AND EVALUATION APPROACH 

Three damage mechanisms can be expected from the 23mm HEI·T projectile impacting 
a C-17 wing tank: impulsive shock pressure loading to tank strUctural surfaces from the blast 
wave, "quasi-static" uniform pressure loading within the tank from expansion of detonation 
products, and removal/failure of strucrure from fragment impact The effect of each failure 
mechanism on a large wing tank will be investigated using C-130 and Boeing 707 wing tanks 
as surrogates for the C·l7 wing tanks. The approach of this test and analysis program is to test 
C-130 and Boeing 707 wing tanks against the 23mm HEI· T threat, measure the resulting damage, 
pressure history, and strucrural response in order to determine by comparison and detailed 
analysis, the vulnerability of the C-17 wing tank under the same conditions. There are two 
methods in this approach that will be conducted concurrently using the same ballistic test shots: 
an empirical and an analytical method. 

3.1 Analytical Method 

The fJist. analytical method, is to use the surrogate tests to generate data that will be used 
to develop a prediction model of damage to the C-17 wing. There are seven steps to this 
method: 

STEP 1: The analytical method will begin with ballistic tests of a 23mm HEI·T against a C·130 
wing tank. The pressure history inside of the C-130 wing tank, the response of the tank 
structure to this pressure, and the damage caused by all mechanisms of the 23mm HEI-T 
will be measured and analyzed along with existing data on pressure effects in fluid and 
strUctural response. 

STEP 2: The second step of the analytical method is to build a model, from the data taken in 
step 1, for predicting hydrodynamic loads from a 23mm HEI·T projectile detonating in 
a lJige wing tank. The model will be used to predict damag~ to a 707 wing tank under 
coudi~vus similar to the 707 ballistic tests. 

STEP 3: The third step of the analytical method is ballistic testing of a Boeing 707 wing tank 
to collect data on the pressure history inside of the tank, the response of the tank structure 
to this pressure, and the damage caused by all mechanisms to the wing tank. 

STEP 4: The data generated in the 707 ballistic tests will be compared to the predictions to 
provide an assessment of the model accuracy. 

STEP 5: The model will be modified, if necessary, using the data generated from the 707 tests. 

STEP 6: The model will be applied to the C-17 wing to analytically determine the hydrodynamic 
loads, structural response, and damage calculated for a 23mm HEI· T impacting and 
detonating in the wing tank of a C-17. 

3 
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STEP 7: The damage results determined by the model will be input into a finite element analysis 
of the C-17 wing to determine any loss of structural load capability. 

3.2 Empirical Method 

The second method of the approach, the empirical method, is to demonstrate that the c. 
130 and 707 wings are less structurally robust than the Cl7 wing. Then, by applying the 
damage measured from C-130 and 707 wing testing to a fmite element analysis of the C-17, any 
loss of structural load capability can be determined. Any loss of load capability will be 
conservative due to the C-17 being more structurally robust than either the C-130 or 707. There 
are six steps to the empirical method: 

STEP 1: The first step in this method will be to conduct a detailed study to analyze all of the 
structural features of the C-130, 707, and C-17 wing tanks to assess the relative structural 
robustness of each wing tank. This will include comparison of all structural members 
such as the spar, skin, internal frames, bulkheads, etc. as well as the overall loading 
capability of the wing. It is expected that the C-17 wing tanks will prove to be more 
structurally robust than either the C-130 or 707 wing tanks. 

STEP 2: The next step in the empirical method is to test the 23mm HEI-T against a C-130 
inboard wing tank and measure the resulting damage physical damage to the tank 
structure. This data will be obtained concurtently with the analytical method pressure and 
strain data utilizing the same C-130 wing tank shots described in section 3.1. 

STEP 3: Damage collected in the C-130 wing tank tests will be applied to the C·l7 fmite 
element analysis to determine the structural response of the wing with this level of 
damage. 

STEP 4: Th~ next step in the empirical method will be to test the 23rr·m HEI-T against a 707 
inboard wing ·tank :ind measure the resulting damage physi"dl ~.iage to the tank 
structure. This data will be obtained concurrently with the analytical method pressure and 
strain data utilizing the same 707 wing tank shots as described in section 3.1. 

STEP 5: Damage collected in the 707 wing tank tests will be applied to the C-17 finite 
element analysis to determine the structural response of the wing with this level of 
damage. 

STEP 6: The fmal step in the empirical method is to analyze the finite element analysis response 
of the C-17 wing to damage collected during the C-130 and 707 wing tanks tests. Any 
loss of structural capability will be considered conservative (for vulnerability of the wing) 
based on the study outlined in the first step. 

4 
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3.3 Test Objective 

The test program objective is to collect data on the pressure distribution on the surfaces 
of the tank from the impact and detonation of a 23mm HEI· T, the strain response in the structure 
to this loading, and physical damage to the tank from all effects of the threat. There will be two 
phases of the test program: Phase I will be the C-130 wing tank tests and Phase II Will be the 
Boeing 707 wing thank tests. 

3.3.1 Phase I Test Objective 

The objective of Phase I is to collect data on the pressure disaibution on the surfaces of 
a C-130 inboard wing tank from the impact and detonation of a 23mm HEI-T, the strain response 
in the structure to this loading, and the physical damage to the tank from all effects of the threat. 

3.3.2 Phase II Test Objective 

The objective of Phase II is to collect data on the pressure distribution on the surfaces of 
a Boeing 707 wing tank from the impact and detonation of a 23mm HEI-T, the strain response 
in the structure to this loading. and the physical damage to the tank from all effects of the threat. 

3.4 Data Requirements 

3.4.1 Data Requirements Associated with Phase I MOE 

Removal of structure by fragments, pressure within the tank, and response of the tank to 
pressure are believed to be the primary failure mechanisms that will occur from the ballistic 
event. 

The dynwnic pressure at locations within the tank and near tank surfaces (described in 
section 3.4.2) is needec\ to quantify the maximum overpressure and total impuls~ of the blast 
wave that reaches structural wmg tank members from the detonation of the 23mm ;::E:.::- "·ound. 

The static pressure within the ullage and fluid of the tank are needed to determine the 
build up of static pressure within the tank and the loading that this pressure exerts on the tank 
structure. 

The strain in the structural members of the wing tank (locations described in section 4.2.2) 
is needed to quantify the response of the wing tank structure to the pressures within the tank. 

The location and amount of wing tank material damaged or removed by fragments from 
the 23mm HE!· T round is needed to quantify the loss of structure of the tank section. 

The velocity of the round is needed to calculate the distance the round will travel into the 
tank before detonation and confirm proper impact conditions/round function. 

5 
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A baseline pressure and strain response is necessary to understand how the tank begins 
to respond to a static pressure load, so a pretest pressurization to 1.5 times the operating pressure 
of the tank will be recorded. 

3.4.2 Phase I Instrumentation 

Specific data requirements and gage locations have been determined only for the first shot 
of Phase I and will be adjusted after analysis of the data from the ftrst shot. 

A series of dynamic pressure transducers will be mounted to record the pressure history 
at locations within the wing tank. Kistler pressure transducers, with a 1.0 X 10-~ response time 
and 0 - 5000 psi pressure range, will be sampled at 1 MegaHZ for 0.05 seconds (from -0.01 to 
0.04 seconds after projectile impact) and then at 20 KHZ from 0.04 to 0.74 seconds). The 
transducers will be mounted on probes placed through the tank walls and attached to a rigid 
frame in Range 3 to decouple the acceleration of the tank structure from the gage response. The 
transducer probes will be bent into position with a large radius to minimize acceleration affects 
of the shock wave on the probe. The transducers themselves will be oriented towards the 
calculated detonation point of the round in order to measure pressure normal to. the shock wave. 

A total of fourteen dynamic pressure transducer probes will be placed through the upper 
wing skin to record the pressure at locations described in Figure 3.1. The two transducers at the 
1/l chord point (one at 63 inches from the inboard edge, one at 81 inches) and the two 
transducers located six inches from the front spar, will measure pressure at a depth of 1.0 inch 
from the upper wing skin. The remaining two transducers at the 1/2 chord point will measure 
pressure at a depth of 112 of the tank (for each respective location). The eight transducers 
located along the WS 54 and 72 frames, 1/3 chord points, will measure pressure at a depth of 
6 inches below the upper wing skin and 6 inches above the lower wing skin respectively. 

6 
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Figure 3.1 Pressure Probes Through Upper Wing Skin. 

One dynamic pressure transducer will be placed through the center of each bulkhead to 
measure the pressure at 0.5 inch from the bulkhead surface. Two dynamic pressure transducers 
will be placed 0.5 inch through the front spar at 63 inches and 81 inches from the inboard shown 
in Figure 3.2. 
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Figure 3.2 Pressure Probes Through Front Spar. 

Two static (strain gage) transducers will mounted on the inboard bulkhead of the tank and 
sampled at 1-5 KHZ. The top transducer will be used to measure static pressure in the ullage 
of the tank and the lower transducer will measure static pressure in the liquid. 

A total of 80 of strain gages will be mounted on the surfaces of the wing tank and 
selected internal frames. 40 of the gages (circled) will be sampled at 1 MegaHZ. The remainder 
of the gages will be sampled at 1-5 KHZ. A series of 22 strain gages will be mounted on both 
the upper and lower wing surfaces as shown in Figure 3.3. 

8 
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Figure 3.3 Upper and Lower Wing Skin Sqain Gage Locations. 

A series of 12 strain gages will be located inside of the tank on the upper and lower 
sections of the frames at WS 54 and 72 as shown in Figure 3.4. 
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Figure 3.4 Internal Frame Strain Gage Locations. 

Six strain gages will be mounted on each bulkhead of the tank as shown in Figure 3.5. 

FRoNT 
'S"PAR 
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Figure 3.5 Bulkhead Strain Gage Locations. 
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Six strain gages will be mounted on each spar of the tank as shown in Figure 3.6. 
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Figure 3.6 Spar Strnin Gage Locations. 
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A breakwire placed thought the rifling of the barrel and a breakpaper on the impact point 
of the lower wing skin will be recorded to measure the velocity of the round. The breakpaper 
on the tank will also trigger the data collection sequence for the other instruments. 

3.4.3 Phase I Optical and Audio Records 

Two video cameras will record the events of each shot The first camera will view the 
lower wing skin and impact area. The second camera will view the upper wing skin of the tank. 

Still photographs of the wing tank and set up will be taken before and detailed damage 
photographs after each shot. 

3.4.4 Data Requirements Associated with Phase II MOE 

Data requirements for Phase n will be determined after detailed analysis of the data 
collected during Phase I. 

3.4.5 Phase n Instrumentation 

Instrumentation for Phase IT will be determined after detailed analysis of the data collected 
during Phase I. 

3.4.6 Phase n Optical and Audio Records 

Optical and audio for Phase II will be determined after detailed analysis of the data 
collected during Phase I. · 

3.4.7 Damage Assessment Records 

Damage assessment records for both phases of this test program will consist of a 
comprehensive .-isual ;;ssessment of physical damage to the test article iJ'rer each shot All 
sections of the test article will be carefully searched for any removal of material by fragment 
damage, cracking. denting, or any other permanent physical distortion. Any observed damage 
will be measured and recorded along with its location on the overall structure. Photographs of 
each damage area will be taken. 

12 
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3.5 Test Setup 

3.5.1 Threat Characteristics and Specifications 

The threat munition that will be used for both phases of this test program will be the 
Soviet 23mm High Explosive Incendiary • Tracer (HEI· T) (Soviet Designation BZT) antiaircraft 
artillery projectile fuzed with a MG·25 (ground-to-air, delayed) fuze. The projectile is typically 
fued from single or multiple barrel antiaircraft artillery pieces including the Soviet ZSU-23-4. 
The projectiles will be fued from a laboratory barrel and downloaded to achieve an impact 
velocity of 2200 fT/s. Specific details on the performance of the 23mm HEI-T are classified 
SECRET and can be found in Reference 2. 

3.5.2 Phase I Target Characteristics 

The Phase I target will be a right hand C-130 inboard wing tank bounded spanwise 
between the WS 0.0 and WS 144.5 bulkheads, chord wise by the two (front and rear) wing spars, 
and top and bottom by the upper and lower wing skins. The wing tank will be plumbed to hold 
up to 100% water and a pressure of up to S psi. The tank will be bolted to Range 3 at the 
inboard edge and cradled at the outboard edge as shown in Figure 3.7. 

Figure 3.7 Test Article Moun tin g. 
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3.5.3 Phase I Test Conditions and Matrix 

Three shots are planned for Phase I and are described in Table 3.1. 

Impact Location 

TABLE 3.1 
Phase I Shot Matrix. 

SHOTIH SHOT #2 

WS 63 1/2 WS 99 

SHOT #3 

1/2 ws 63 

P.l8 

2" 
Chord Chord aft of front spar 

Threat 23mm HEI·T 23mm HEI·T 23mm HEI-T 
MG·25 Fuze MG·25 Fuze MG·25 Fuze 

Obliquity oo oo oa 

Impact Velocity 2200 ft/s 2200 fr/s 2200 ft/s 

Tank Fluid Level 65% 100% 100% 

Tank Pressure 0 psi 0 psi 0 psi 

3.5.4 Phase D Target Characteristics 

The Phase ll target(s) will be one or more 707 wing tanks that will be determined by 
Phase n data requirements and the results of Phase I. 

3.5.5 Phase II Test Conditions and Matrix 

Phase ll tests conditions and matrix will be determined by Phase ll data requirements. 
The scope and shot matrix will most likely be similar to the Phase I shot matrix. 

3.6 Analytical/Evaluation Assessment Procedures 

Analytical/evaluation assessment procedures will be developed by Douglas Aircraft 
Company under contract to the C-17 Program Office. 

14 
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4. DOCUMENTATION 

All data collected during both phases of the program will be recorded and documented 
within one week of each test. Analysis of the data and comparison to the C-17 aircraft will be 
the responsibility of the C-17 Program Office. A draft final report will be prepared by WLJFIVS 
and submitted to the C-17 Program Office 30 days after the receipt of the data analysis from the 
C-17 office. 

15 
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MEMO TO: ASC/Ycr (olj eJ 
YC 

AFPEOtrA 
IN TURN 

~0 '9 NOV 1~~~ 

SUBJECf: Cosure of OSD Concerns Regarding C-17 Live Fue Test Article 

P.2 

1. Reference OUSD(A)/DDDR&E (LFr) memorandum, dated 15 July 1992 (attached). 

2. The intent of this memo is to status the issues raised in the referenced memo 
regarding the adequacy of the C-17 Wing Leading Edge (WLE) test article to a 12. 7mm 
API test threat: 

a. External Airflow: External pressure distributions in the area of projectile impact 
will be replicated as required to obtain valid test results 10 the extent that the test facility 
will allow. Airflow fences will be used 10 adjust pressure distributions. as required. 
Pressure rakes will be used 10 verify pressures. (Cased) 

b. Internal Airflow: Internal airflow is extremely difficult 10 measure or model. 
However, internal airflow will be duplicated "in the macro sense" by duplicating on the 
test article the open space associated with the piano hinge on the maintenance access 
panels found on the faxed leading edge (this atea has been identified as the primary air 
entry point on the fixed leading edge). The engineering analysis of the C-17 WLE dry 
bay internal airflow was presented to IDA representatives on S Nov, as was the plan to 
replicate this airflow in the WLE test article. (Cosed) 

c. Spar Web Thickness: Suggested test will be accomplished. Testing commenced 
26 October 1992. (Closed) 

d. Stiffener Cross Section: Analyses have been conducted and given to Mr Tom 
Julian of OUSD(A)IDDDR.&E (LFl') on 26 August 1992. Discussions are ongoing. 
(Open) 

e. Incendiary Functioning through Titanium: Data from ASD TR 77-19 Vol ll shows 
no impact on round functioning if impact obliquity is less than 30 degrees. No shotlines 
require greater than 30 degree obliquity through the titanium slat skin. (Cased) 

f. Front Spar Material: The alloy used in the test article will be the same as that found 
in the production wing. (Closed) 

3. The C-17 SPO intends to close item 2d. prior to testing the WLE article with 12.7mm 
API. The full-up WLE test is scheduled to commence 29 January 93. 



P.3 

4. Regarding the other issues raised in the referenced memo (hydrodynamic ram, larger 
test threats), the C-17 System Program Office intends to address these concerns through a 
separate set of tests and analyses. 

BRUCE A. G SKI 
Acting Branch Chief, Test and Evaluation 
C-17 SPO 

1 Atch 
IS Jul 92 Memo 
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C~~IC::t OF THE UNCER SECRETARY CF' CEF'ENSE 
WASHINGTON. CIC Z0301 

P.4 .......... 

15 .:uly .1992 

MEMORANDUM FOR AI~ FCRC! P~CG~ !X!CC:!VE Ol?ICER FC~ TAC:ICAL 
ANC AIRLifT PROGRAMS CAFPEO/TA) 

'l'DOUGH: l)lUC'l'Q~, T!S'l' ANO J:VAl.UA'l'IQN, CUSC (Al(J.11 

SUB'E~: SUitability ct C-l7A Win~ Laa~1n; Z4~a surrogate fer 
Vulnera~ility Tes~inq fer ~ry lay Fi~•• 

We have raceivad your July 1, 1912 mamoran4ua, came IUbje~ 
(attached), It lists the chanqas that have recently ~aen made~= 
the C-l7A lea~inq adqe test article currently bain~ ccnst:ucted 
at WPAFB, og. It alae revaale~ cna additional difference in 
c~nstruction ~etween tha test article an~ t~a actual win; which 
we ve~e not awara of bafcre (front spar material). At your 
raq~est, we have P..sse:~sec:l. 'the ilnpilct of these chanr;as en the 
ac:l.~quacy of tha t.st article in tAa asaess=ene of tha 
vulne:a:ility of the C-17 to c:l.ry bay fires. 

It is our opinion that the refarancac:l. chP.nqea will net 
l~3sen the tastinq risks alrea~y c:l.escri~~4 in our earlier 
corr~npondenca. Hcwavar, tha teat article wcul4 continua to ~e 
or some use in bzlpinq c:l.eter=ina the winq leac:l.inq ed;e d:j• bay 
fire vulnerability of tho aircraft to 12.7 m= API rounds un~ar 
thm con4itions dascribed in our earlier ccrrespcndance. ~he test 
article is net su1tLbls fer Zl m= anc:l. lar~ar API rcun~s, ncr rcr 
HEI rcunc:l.s o! any caliber. In addition, tha test article is net 
suitable for datermininq hydrcdyna:ic ram effects. 

Althcu;h tha test article may~· suita~la for use with 12.7 
=n API rounds, there is still so~a ria~ asso~~·~•Q vi~~ thi~ 
assessllllint. fer the l2. 7 mm itself. 1·o reduce this r:i sk, we 
suqqer.t that: 

• The external airflow (or prasaura) at the point of • 
ent~ cf the projectile, anc:l. at ether major o;anin;s to the c:l.ry 
~ay, should be duplicat.ac:l. aa closely as possible durin; tha test. 
The airflow internal to the c:l.ry bay should also duplicated, at 
le~st in a macro sense. 

• A separata test sarias should ~e run to c:l.at.ar=ina 
the effect o! various spar thicknesses on the WJ~~ siza suffered 
~Y the spar upon impact with the projectile. 'l'his test aerias 1~ 
necessary because the spar veb thickness use~ in tbe proposed 
test article is an avere1e of ~be spar thicknesses usec:l. on tha 
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ac~ual e-11~ vine;. 'l'he tests would rasolve whether the ~hic:knsu 
of the spar is an importan~ tactor in hov much damage it sustains 
upon projectile i:pac~, and on the resultant fUel laax. 

• Prior to the usinc; ~e teet article, the Air Force 
should demonstrate by pre-test or~ully documentad •niineerin; 
calculations that variances in Arl rauad fUD=tioninq and vound 
size due to stiffener ~=ss secti=n, ahape, and .contact area 
differences between the test article and the a~ual C-17~ vin; 
will have ins1inif1cant impact on the test results. 

• 'l'he Air force should do~nt tbat the All round's 
incendiary functioning on the tit&ai~ alat akLD vill be the same 
in ~~e test article aa on an actual C•17A alat. 

• 'rha Air !'orca should ve:ify that the front qar 
material en the teet article is identical to that on the actual 
vine;. (Until ve received your JUly 1 memorandum stat1n~ that 
this material vould be chan~ed from ao&l-~& to 7075~T&Sll, it vas 
our understancUng taat the test ~icle spar mat•r1al vas the 
same as that on t.~e actual ving.) 

It contin~ea to ba our concern that the A1= 7o~=• is 
fcc~sin; its in~artst teo narrowly: on a portion of the vin; 
leading edge, on dry bay fire as a damage aechanism, an4 on 12.1 
m= AF"' rcW'Icb as tha threat. Nota that all o~ the a~ove conccarns 
r.llata to test article's aicqua~y :or asaaesin; only 12.7 mm API, 
f• .. r only dry :bay fire: initiation and only te~r a ama11 porUon e~f 
the hic;hly variable gaometr,y of tha leading (an4 trailin;) ad;a. 
Althouc;h the proposed teat co~lc! be a part Clf a vall•rounda4 
~lnera:bility asses&ment program, it is not an a4aquate 
su~r-tituta fer cna. 

To ada:;uataly alid.resa the Wlnerabil1ty of the C-l.7A, larger 
threats must :be assessed. using a mora prc4uction•rapreeentative 
tes~ arti;la. This article could be usee! Dot only to address 
larger ·axpectec! threats, l:lut other c!&UIJe machan:..~~e (such as 
hydrodyna~ic ram) and fire initiation in locations on the 
aircraft other than in the win; lead.inc; edc;e. 

~~ 
~ames ~. O'Bryon 
Deputy Director 
Test i ~Valuation 
~ive Fire Tasting 
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OFFICE OF THE UNDER SECRETARY OF DEFENSE 

WASHINGTON, OC 20301·3000 

ACQUISmON 

EXECUTIVE SUMMARY 

MEMORANDUM FOR DEPUTY UNDER SECRETARY OF DEFENSE (ACQUISITION) 

FROM: 

SUBJECT: 

PURPOSE: 

DISCUSSION. 

DIRECTOR, STRATEGIC AND SPACE SYSTEMSARf4;. X ;rj•f/'IL 
DIRECTOR, TEST AND EVALUATI.f»l'' .. /1~3 ~'IL_ 

C-17 Live Fire Test (LFT) 0' ---
ACTION--To forward memorandum specifying Air Force 
requirements for C-17 LFT. 

o The FY93 Authorization Act identifies the C-17 as a system 
requiring LFT, and states "the Secretary of Defense shall 

·.require that sufficiently large and realistic components and 
subsystems that could affect the survivability of-the C-17 
system be made available for any alternative [to a full 
aircraft] live fire test program." 

o S&SS/T&E position is that the Air Force must use a 
production representative wing for LFT. The Air Force 
proposed surrogate (C-141, etc, see informal Air Force 
proposal at attachment 2) is not an appropriate 
substitution, nor is the specially built nine foot section 
of wing at Wright-Patterson AFB. 

o Cost for this production representative wing is within the 
Service's BES for LFT ($41 million in FY93-94). Attachment 
3 presents costs for a production wing (Option 2) or a 
static test article wing {Option 3), which are less than the 
BES. Attachment 4 shows vulnerability reduction fixes, if 
required, including costs'"' and the impact on the aircraft •. 

~.v~tf ..,,~Be$, ............ ~- Mf 
o The wing is to be subjected to 12.7mm and 14.5mm API & HEI 

projectile ballistic tests. Consideration should be given 
by the Air Force to testing with 20mm and 23mm projectiles. 
The Air Force concurs with this approach for projectiles. 

RECOMMENDATION: 
Sign the memorandum to the Air Force (TAB 1). 

PREPARED BY: Dr. Milton J. Minneman/S&SS(AS) /X56188 ~.if 
LTC Lewis/T&E(A&SP)/X57245f0ctober 23, 1992~;r 

DD S&SS {AS) /f!'j ./u/1-i · . APPROVED BY: 
DD T&E{A&Si') '/!. 10jz.1 . 
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ACQUISITION 

THE DEPUTY UNDER SECRETARY OF DEFENSE 
WASHINGTON, DC Z030l 

MEMORANDUM FOR THE SECRETARY OF THE AIR FORCE 
ATTENTION: AIR FORCE ACQUISITION EXECUTIVE 

SUBJECT: C-17 Vulnerability Program 

I have completed my review of the Air Force's 
assessing the vulnerability of the C-17 aircraft. 
have taken into account the threat to the C-17 and 
specification for survivability/vulnerability. 

) 

plans for 
In doing so, I 
the C-17 

I have concluded that the limited testing currently planned 
by the Air Force (12.7mm API at a wing leading edge surrogate 
test article) is insufficient. 

-The design and configuration of the aircraft should have the 
highest practical level of protection against threats that cannot 
readily be detected, evaded, or countered, consistent with the 
planned operation of the C-17, as well as cost, schedule, and 
performance implications. In this regard, testing should be 
limited to assessment of those "cheap kill" single-shot 
vulnerabilities fOr which there are po~ential practical fixes of 
modest cost and minimal weight and fuel reduction penalties. 

The tests would determine the vul~erability of the aircraft 
to (1) ram-induced structural failure and (2) dry bay fire 
initiation and sustainment in the wings. The test program should 
be in two phases: The firs~ would establish whether 
vulnerabilities exist. If vulnerabilities do exist, the second 
phase would test the proposed modifica~ions to address them. The 
wing is to be subjected to 12.7mm and l4.5mm API & HEI projectile 
ballistic tests, in accordance with the threat described above. 
Testing is to be performed first with 12.7mm API, then HEI, and 
those higher caliber projec~iles in ascending order until the 
test article has been rendered unsuitable for additional testing 
in the opinion of the Director, Test and Evaluation, OUSD(A). 
Consideration should also be given to testing with 20 and 23 mm 
projectiles. 

The testing should therefore be accomplished on a larger, 
more production-representative C-17 test article, to address 
priority vulnerability issues for the expected threat. Use of 
the static test article, with the dry bays reconfigured to be 
representative of a production wing, offers one option to enable 
testing of the priority issues at a reasonable cost and potential 
return on investment. All systems present on an actual operating 
aircraft in the leading edge dry bays and trailing edge dry bays 
would need to be installed into the test article. Use of this 

------
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static test article rather than a new C-17 production wing is 
contingent upon a prior acceptance of the static test article· as 
adequately representing the C-17 wing for this ballistic testing. 
If the static test article is inadequate for this purpose, you 
should test a C-17 production wing. 

In addition to these tests, analyses should be perfo~ed to 
assess the vulnerability of the aircraft configured with its 
representative operational cargo loads, as well as casual~i~s to 
personnel. ·' 

I request that you submit to me within 30 days implementa­
tion plans to accomplish the above including budget, funding 
plan, schedule, and test range requirements. 

-

' 

-- ;'.-...:?~- . 
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/ HEM<mANDtiM FOR 'l:BE SE~Y OF 'l:BE Allt J!'ORCE 

~ON: An !'ORC% ACQlnSI::UOll 

stmJEa: c-11 VUlnerability Prcg:m 

EDC,..,O.,.,ti~v"!=!E 

I have ccmplatad my review =~ tta Air l!'orce's plans fer 
assessinq the val.nerability =~ tha C-17 aircraft. In d.oinq so, I 
hava taken into account the thraat tc the C:-17 and tha c-11 
8pac~icaticn tor t~UrVivability/w.lnenbility. 

I hava ccncludad that the Umitad taatinq c:-.lr:antly plz'"nsd 
by tha Air rorca (12. 7 mm API at a. winq leadi nq edqa1&Urroqata 
tast a.rticla) is ~:ficient. 

':he wiqn and cc~iquraticn at the ail:c::a.ft ahculd have thea 
hiqhest prac-..ical leval. cf protac-..ion a.qainst tl:1raats that c:mnot 
raadily ~ cletec:tad, evadad, cr c:::u.-,tarad, ccnsiste.'lt with t:he 
planned cperaticn of tha C-l7, iUI well u cost, schedule, and 
parfol:lllanca mpllc:a.tions. In t:!lis raqard·, te.stinq should be 
lilniteci tc a.ssasment cf these "cheap kill" ainqle-shct 
vulnerabilities fer which there are potential practical fixes of 
medea~ cost and minimal weiqh~ and tual reduction pe.'laltias .. 

-'rhe tasts woul.d dete....-::dna t!la vulnerability of tha ai.:c=att. 
tc (l) ram-inducad at=uct'.lral failure and (2) dry l=ay firs 
initiation and sustainment in tha vinqs. 'rha test proqram shoulC. 
be in t-.:o piusaa; 'rhe fir:n: vculd esot:r.bliah whether 
vulnerabilities. exist. If vulner~ilities do exist:, the second 
phase would tast the proposed mcdif!.caticns tc address thmll. The 
winq should. l:la subjectaC. ~ l2. 7 a.nci 1.4. s mm API ·' R;;I projec':ile 
l=allis~ tests, in accordance with the threat described above. 
Considerat:!.cn lhculd also be qivan t:l tc•,:l.l.nq with 20 and 2:! 11:1: 
proj ec:~iles. · · ., 

Since then: is 110 =nt ability to analyze = induced strUcnu:!l failure. tllis de!mllin.at.iou must be dcue 
via aauai LeSL As. a rust step, rccommc:ud the use of a s=gm: wing for the foUowiug =: several 
large airc:l!t wings ate available. cost would be low, provides ue:u- te:m ~ults and gives a good basis 
for follow on C-17 tests if ~eemed necessacy. Ouc:c SUIItlgate c.esa ate complete. ~uest you provide :m 
assessmemofc.estz=ultsand yourn:commendatiou forC·l7 t.esiS iC~d. · 

If the analysis indicates the need for testing au a larger, more production·represeuwive test article than 
the piaDDcd wing leading edge mock up, COIISider the scuic c.est article. Ils use with the dry bays 
reconfigured to be represeuwive of a production wing, of!'e:s one option to c:ua.ble t.estlng of the priority 
issues a1 a re:ISOaable cost and poteDtial return on invesliDcnL All sysu:ms present on an acmal ope:ming 
aira:lft in the leading edge dry bays and trailing edge dry bays would Deed to be ins!alled into tile test 
article. Use of the static test anicle talller than a aew production wing is cclltiugeut upon acceptance of 
the static test anicle as adequm:ly representing the wing for tllis ballistic testing. If tile static test anicle 
Is illadequm: for tllis pmpose. you should coasiderprocmillg and testing a production wing. 

(argo and passengers) (:: fJ.u.f V-'- t · ·y ~ 
I request that you submit to me witilin 90 days implemenwion plans to accomplish tile ~bove to include 
budgeL funding plan. schedule. and test range requirements. 
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I 
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I 
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ADDITIONAL C-17A VULNERABILITY TEST OPTIONS 
BENEFITS- COSTS 

. ~ 

COSTS• (FY 83 $M) 

OPnON BENEFITS 
TEST TEST 

ARTICLE CONDUCT 

PRODUCTION WING WITH ADDRESSES ISSUES: RAM Induced wing !allure, dry bay lire, and pylon lire 37.5 8.2 
PYLONS lnlllallonlpropagallon 

WITH HIGH FIDELITY 

PRODUCTION WING ADDRESSES ISSUES: RAM Induced wing lallure and dry bay lire 32.8 5.4 
WITHOUT PYLONS 

WITH HIGH FIDELITY 

SECTION OF ADDRESSES ISSUES: RAM Induced wing lallure and dry bay lire 
PRODUCTION WING WITH 
INBOARD FUEL TANK WITH HIGH FIDELITY BUT LIMITED TO INBOARD TANK AND ITS ADJACENT 30.8 3.8 
AND RESIDENT SYSTEMS DRY BAYS; WILL NOT INCLUDE VARIATION IN TANKS AND DRY BAYS IN 

REMAINDER OF WING ' 
' .. 

WING FROM STATIC TEST 
ARTICLE WITH SYSTEMS ADDRESSES ISSUES; RAM Induced wing lallure and dry bay lire 
ADDED TO DRY BAYS 

BUT THERE ARE RISKS TEST ARTICLE WILL BE: 13.3 5.4 
• lrraparabllf damaged lrom alalia Ieaia 

• Notlulllf production repreaentalallve 
, 

WING FROM STATIC TEST 
ARTICLE WITHOUT ADDRESSES ISSUE: RAM Induced wing lolluro I 4.0 3.4 
SYSTEMS .... 

BUT THERE ARE RISKS TEST ARTICLE WILL DE: . • Irreparably damaged lrom sialic 1es1a 
,, 

• 
• Nollully producllon repreaenlallve 

.. 
ah order ol megnllude COIIIIIImel••lnclude 1p1~11 end conlreclor eupporl. ..·· 
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EXAMPLE VULNERABILITY REDUCTION SYSTEMS 
COST SUMMA'i=IV 

SYSTEM 
WEIGHT 

...... -.... ·· 

. \ 

' '~ -.· :.··: ".' 

ESTIMATES LIFE CYCLE COSTS* 

POTENTIAL VULNERABILITY EXAMPLE SOLUTION AND FOR 120 
(CHANGE IN. AIRCRAFT FLEET 

FUEL (FY93 $M) 

CAPACITY\ 

HYDRODYNAMIC RAM INDUCED FUEL MANAGEMENT PROGRAM 60 LBS •. $16.7 
STRUCTURAL DAMAGE TO WING FOR COMBAT MISSIONS 

RAM ATTENUATION LINER FOR 130 LBS. $27.1 
FRONT SPAR IN ALL TANKS (-190 LBS. 

FUEL) 

FUEL MANAGEMENT PROGRAM FOR 100 LBS. 
COMBAT MISSIONS+ RAM (-60 LBS. $26.5 
ATTENUATION LINER IN FEED AND FUEL) 
RESERVOIR TANKS 

DRY BAY FIRES AUTOMATIC FIRE EXTNGUISHERS 151J LBS. $30.7 

AUTOMATIC FIRE EXTINGUIS~ERS 
.... 

PYLON FIRES 15 LBS. $2;5· . ,. . 
' •Rough order of magnitude cost estimates to equip all120 aircraft assuming Installation at production. 

LA E/5125192·1 
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Basic disagreement between AF and OSD is over the adequacy of the test anicles. 

-~ 

AFwants to test dry bay fire initiation using a 9ft~~ of the wing. Test will srartinian 93. 

OSD says Ibis is insuflici~d lbat the test must be done on a full-size, production representative Wing. 

-t r-"'-*'- "'f"'-ese..l-..liv~ 
; ' 

With respect to ram-induced sttuctural failure testing, lbe AF wants to first test a smrogate wing (e.g. C-

130) to determine if additional testing on a larger more production rqnesenrative C-17 wing is necessary. 

OSD will only accept results from resting a production rqnesentativc C-17 wing. 

We are still convinced that the AF pbased approach is rrasonabte and prudcnL However, the FY93 

Authorization Act requires SECDEF to detemnine wbat are sutriCiently large and realistic components and 

subsystems for Live Fue Testing. 

._, .. -

. .• 
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C-17 Live Fire Test 
...-::;: .. ~. 

Jii•!;'e F"ue Test (LFI') program originaredin 1983 

OSD Din:ctor for Dcfcnsc Testing & Evaluation proposed a new joint rest and evaluation initiat;h~,,,,~>­
Joint Live Fire pmgnun c:harrcied by OSD in 1984 for US Army pmgnuns 
Cmpter 139 of Title 10, US Code caDs ont weapon system resting ~equircmcnts 

Serves as a basis to define objectives of Live Fire Test and Evaluation (LFT&E) . .':;,-i -~--
. - Requires timely and thorough assessment of vulnerability/lethality of a system as it progresses· · ·;: · 

through devclopmcnt . . ) . ·. ;.:_f.;;\· .. 

- C-17 was nontinarcd inJun 87 by the Air FOJCC in response to an OSD request for live fire rest candidai..S . 
:.- .·" .. 

C-17 Vulnerability Analysis included as pan of the progtam R&D conttact '· · 
Assessed various tlm:ats as pan of a cump•ebensivc analytical computer model ·· ' ' 
The entire aircraft was modeled ·using Military Airlift Command (MAC) developed mission profiles 
The mcvJcl simulated thrcarslhostilc environments and detctmincd most vulnctablc areas .· .... ~- ·. 
This asnssn~cnt was then used to help dercnnine, as pan of the aircraft design process, the phy~cal 
loca_rlon in the aircraft of critical components and separation Iequircd. to enhance survivability · · 

- C-17 LFr sttarcgy was approved by OSD in Oct 89 

·· · S~gy based on building a full-scale rest section of the aircraft wing 
• .. : . · ·- Actual pmdnction drawings and warcrial:s to be used for wing mock up 

- Mock up wiD. include all fully opcmtional subsystems (pressurized fuel lines, hydraulic lines, 
elcctrical wire bnndJcs, cct) 

Wright Research andDcvclopwcnt Center (WRDC) at Wright-Patterson AFB is building the wing test 
aniclc, accowpllshing the tests, analyzing the data and reporting the rest results 
C-17 LFr incorporated into and is cijrccrcd in the C-17 Program Management Directive (PMD) 
LFr approved sttarcgy is pan of the C-17 Test and Evaluation Master Plan (TEMP) as directed by OSD 

- Technical conccms and issues on LFr continue to be raised by OSD DDDR&E(LFI) and arc being worked 

Current concern over the MAC C-17 Concept of OperationS and the commitment to deploy the _ 
aircraft into a "medium threat" environment . 
Tdc:nrified threats in the new C-17 System Threat Assessment Report, 29 Mar 91, arc inconsistent 
with approvcdLFl' sttarcgy -
8 Ju191, Air Force responded to the most recent OSD concerns - OSD review underway 
C-17 LFf subsystem resting is Cwtt:ndy ongoing 

- OSD's 1 Nov 91 memo stares it is not expected that a full up combat loaded aircraft will be subjected to LFI' 

Components and C-17 sections will be subjccrcd to LFI' on a prudent basis of expected benefit of the rest 
weighed against the test cost "'. 
Level of resting in regard to threat munition and the size of the rest sections is still under review 

Maj Maynard. SAF/AQ!J.U, 74138, 12 Nov 91 
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<:~t:~:Jt; 
Current funded and budgeted C-17 R&D program does not include funds required to meet ........ " 

·:. 

additional tests of full-scale production representative aircraft wing ) • .. ·::i·~L'"::-• . . . _ ......... -.~ , -~ _.. _ :~ ~,;.:~::_~i~;l::·c · 
.:'.: ....... ~ .''··~·; 

- Proposed plan, which is still in tbe early stages of fominlation. initially calls for testing of a . ,:::i(.: 
surrogate wing section (not C-17) to· assess hydrodynamic ram effects on large aircraft wing :;-<.Si:: ... 

. ... . . - . --- .. 

Would provide a basis for determining if further ~~g wo~ IX: req~ . ·_ · _:;;<_~;_._:J:_.'_·F . 
Data COllected would be analyzed. and used to m;;.;..e'.'C-•17· - . .,.,_. -··... · · ..• · · - -~- -::-.~..:r~.~-"·~·,_ - '"'<": ·' .,;;.. 

Evaluation of SUIIOgate and model would provide basiS fur establishing follow-on-teSt ·• . ··.·~·;.. · :,_ · 
approach and requirements ·· · · ·· ·--:•.~;:;:. 

- C-1J program FY93 R&D funds expected to be used. to cOmplete SUIIOgate wing testing - . 
estimate $1M . 

If follow-on hydrodynamic testing on a C-17 wing is determined to be required, use of tbe 
static test article wing after static tests arc Completed is seen as a Cost effective alternative 

- Initial assessment of tbe funds required to support hydrod~c -~sts of a fully configured 
static wing - estimate $40M FY94 through FY96 · 

FY94195: Static wing repair and configmation to production like wing and test 
instrumentation installation -$18M for F94, $18M for FY95 
FY 96: Transportation to test site, set up, tests witb different size munitions, repair and 
reconflgUration, retests, data reduction and analysis, and final test report - $4M 
Planned test completion third quarter FY96 · 

- If determination is made tbat static wing is unacceptable or unable to be reconfigured to. . 
adequately represent a full-up production wing, an actual production wing from tbe assembly 
line would be required 

Significant cost increase to procure an additional wing for follow-on tests 
Delay/disruption of production aircraft if wing is pulled off assembly line to meet test 
schedule 

... 

, ... 
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C-17 5/V PROGRAM 
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COMBAT/BALLISTIC TEST DATA SURVEY 
;u 

n ,_. 
..... 

14.5 MM HEI PROJECTILE EVALUATION >: 
"U I 
D 

23 MM HEI SENSITIVITY STUDY 
, 
td 

RESPONSE TO OSD LEI I ER 

ACTIONS PENDING OUTCOME OF TECH ISSUES 

• SUPPLEMENTAL TEST/ANALYSIS . 

• SURROGATE TANK TEST 

• STATIC ARTICLE WING TEST 

COMPLETE 23 MM HEI STRUCTURAL ANAL \'SIS 

(DAC) 

"U 

uJ 
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COMBAT/BALLISTIC TEST 
DATA SURVEY 

PURPOSE: TO COLLECT & EVALUATE DATA TO ASSIST IN 
VALIDATING C-17 LFT PROGRAM 

APPROACH (SURVIAC TASK): 

• SURVEY COMBAT DATA 

• SURVEY BALLISTIC TEST DATA 

• EVALUATE 'SIMILAR' DATA 

• HELP TO DEFINE EXPECTED LFT RESULTS 

RESULTS: 'REAL LIFE,' & PREVIOUS TEST I~ PUTS 

PRODUCT: ANNOTATED BRIEFING & DATA INPUTS 

SCHEDULE: 3 MONTHS EFFORT+ 1 MONTH FOR REPORT 
' 

CONTRACT START DATE: 1 SEPTEMBER .. 

WORK COMPLETION DATE: 1 DECEMBER ··· 
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14.5 MM HEI PROJECTILE EVALUATION 

. 

PURPOSE: CHARACTERIZE ROUND & DETERMINE TEST 
SUITABILITY 
(NOTE: PROGRAM REQUIRES 100 ROUNDS TO CONDUCT) 

(SERIES A: 6 SHOTS· 3 AL, 3 ·COMPOSITE TARGET) 
• FUZE FUNCTIONING DETERMINATION 

IF YES ON AL • 10 SHOTS TO CHARACTERIZE FUNCTION 
IF YES ON COMPOSITE- 10 SHOTS TO CHARACTERIZE FUNCTION 

SERIES 8: CHARACTERIZATION OF ROUND 
DATA: FRAGMENT MASS, VELOCITY, ANGLE 

DISTRIBUTION, BLAST OVERPRESSURE, FIREBALL 
INTENSITY & DURATION 

SERIES C: SELECTED 23 MM HEI COMPARISON SHOTS ·_ . 
PRODUCTS: (1) DATA FOR ASSESSMENT OF S~.ECIMEN 

ADEQUACY -
· (2) DATA TO SUPPORT VULNERABILITY ANALYSIS 

TESTS COMPLETED: 6 WEEKS AFTER ARRIVAL OF ROUNDS 
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14.5MM HEI PROJECTILE EVALUATION 
WING LEADING EDGE SPECIMEN ASSESSMENT 

PURPOSE: ASSESS WLE SPECIMEN ADEQUACY FOR THREAT . 

APPROACH: (SURVIAC TASK SUPPORT) 

• REVIEW CHARACTERIZATION DATA 

• FOR SELECTED SHOTLINES: I 

- PREDICT DETONATION POINT 

• PREDICT DAMAGE 

• ASSESS RESULTS i 

PRODUCTS: (1) EVALUATION OF TEST ARTICLF.;ADEQUACY 

(2) PREDICTED DAMAGES : · 

(3) SUGGESTED TEST CONDITIONS 

ANALYSIS COMPLETED: 2 WEEKS AFTER RECEIPT OF TEST DATA . •. 
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C-17 VULNERABILITY REDUCTION TRADE STUDY ffi 

23 MM HEI SENSITIVITY Kl 

PURPOSE: TO EVALUATE POSSIBLE VULNERABILITY 
REDUCTIONS (23 MM HEI PROJECTILE Tt-iREAT) 

APPROACH (DAC CONTRACT): , .. 
~; 

• EVALUATE BASELINE VULNERABILITIES 

- 23 MM HEI- &IMPACT ORIENTATION~ 

• 3 KILUDAMAGE CATEGORIES 

• REEVALUATE WITH AT LEAST 1 DESIGF\J 'FIX' 

- CALCULATE VULNERABILITY INCREMENT · 

-CALCULATE COST, WEIGHT, PERFORMANCE, A & M 

·PRODUCT: REPORT & RECOMMENDATIONS · .. 

SCHEDULE: CONTRACT START -15 SEPTEMBER 

STUDY COMPLETE- FEBRUARY 93 
-u 
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TEST ARTICLE FIDELITY 

OSD LFT PARTIAL RESPONSE ~-
• CURRENT TEST ARTICLE NOT SUITABLE FOR 23 MM AND 

· , LARGER·API ROUNDS NOR HEI ROUNDS OF ANV,CAliBER ·· · · ,. ·- ···· · · · 
•• SPO ·NEED GUIDANCE ON THREAT 

• EXTERNAL AIRFLOW SHOULD BE DUPLICATED AS CLOSE AS 
POSSIBLE 
•• SPO ·WILL DUPLICATE AS CLOSE AS PRACTICAL . 

• NEED SEPARATE TEST TO EVALUATE SPAR THICKNESS 
VARIATION 
•• SPO • WILL ACCOMPLISH 

• AF NEEDS TO FULL V DOCUMENT CALCULATIONS TO VERIFY 
NO SIGNIFICANT IMPACT DUE TO STIFFENER SHAPE AND · 
CONTACT AREA 
•• SPO • DONE, WILL FORWARD TO OSD 

• AF SHOULD DOCUMENT SAME FUNCTIONING OF API ROUNDS 
~-t~---~-~---..,;FOxR..£'TEST ARTICLE AND PRODUCTION SLAT SKIN ·. 

•• SPO • BETWEEN SLAT RIBS THICKNESS AND MATERIAL 
IDENTICAL 

• AF VERIFY FRONT SPAR MATERIAL SAME AS PRODUCTION 
•• SPO • MATERIAL IS THE SAME, PREVIOUSL V STIFFENER 

WAS DIFFERENT 
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· TEST ARTICLE FIDELITY (CONT'D) ·· 

SPO RESPONSE BY 29 JUL 92 

NOT ADDRESSED BY OSD 

• SURROGATE RAM TESTING (IDA HAS PROPOSED A 
RESPONSE) 
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C-17 LFT PROGRAM 
WING LEADING EDGE ARTICLE 

:. r 

~ 

MAINTAIN CURRENT WLE TEST ARTICLE DESIGN··· 

• NO MODIFICATIONS 
••STIFFENER MATERIAL CHANGE MADE MAY 92 

. SUPPLEMENTAL ANALYSIS AND TESTING TO it~'t)RESS ISSUES: 
"WHAT EFFECT DOES WEB THICKNESS, TANK SIZE AND 

STIFFNESS HAVE ON WOUND SIZE AND FUEL PRESSURE 
(LEAK RATE)" 

• ANALYSIS COMPLETED 
• WOUND SIZE AND LEAK RATE UNAFFECTED BY TANK SIZE · 

AND STIFFNESS (FOR THE TIME OF INTEREST) ' 

• WEB THICKNESS EFFECTS INCONCLUSIVE 
• AWAL-vSISIO BE FORWA~DED TO OSD/LF 11mD IDA··· · 

TEST TO EVALUATE WEB THICKNESS EFFECTS ON WOUND SIZE 

• SCHEDULE: INITIATE 1 AUG 92 FOR 3 MONTHS 

• COST: $60K 
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C-17 LFT PROGRAM .. 
PROPOSED SURROGATE WING HYDRODYNAMIC 

RAM TESTING 

...... ...... 

REVIEW & COMPARE C•130, 707 WITH C-17 srn~~TURAL DETAILS· · 
• MATERIALS, CONFIGURATIONS, DESIGN STRENGTHS, ETC. 

INSTRUMENT & TEST C-130 WING (23 MM HEI ?) 

ANALVZE C·130 TEST RESULTS 
• UTILIZE RESULTS TO PREDICT 707 RESPONSE 
•INPUT C-130 DAMAGE INTO C-17 NASTRAN CODE TO PREDICT 

RESIDUAL STRENGTH (EXPECT TO BE CONSERVATIVE) 
INSTRUMENT & TEST 707 WING 

s 
lSI 
ld 
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COMPARE RESULTS WITH PREDICTION 

~·~IN~T_BESULISJN_"[O_~t7_MODEL_IO_eBEOICJ_C-1J_IlESPONSE,~- ~-
RESIDUAL STRENGTH 

SCHEDULE: INITIATE 1 AUG FOR 8 MONTHS 
COST: $550K + ANAL VSIS ($300K) 

" . 
,_. 
,_. . 

' . ,_. . 
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C-17 LFT PROGRAM 

. PROPOSED STATIC WING TESTING·. 

:, : 
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UTILIZE C-17 STATIC WING SEMI-SPAN TO EVALUATE 
• HYDRODYNAMIC RAM AND LEADING EDGE FIRE 

TEST ARTICLE PREPARATION 
• REWORK WING AS NEEDED 

. • INSTALL LEADING EDGE SYSTEMS 
• ONE COMPLETE SET OF SPARES 

•• LEADING EDGE SYSTEMS, PANELS, DOORS, ETC 
·scHEDULE 

• CONTRACT GO-AHEAD TO DAC JUL 93 

,.. 

r•~~-. .,....-., ~-·•-SEMI,.S~N-AVAILABLE NOY-93~.~~-~~.........,.....~~~~ ~...,._, ... .,......,.-. _ 
• ARTICLE PREPARATION COMPLETE DEC 95 
• SHIP TO NAWC, CHINA LAKE FOR TEST DEC 95 

COST: $25M DAC, $3M TEST -u ... 
N 
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C-17 LIVE FIRE TEST SCHE[)ULE 

WlE REPI.JCA lESf 

ANALYSIS Of ISSUES . 

WEB llf<NESS TEST 

SURROGATE TEST 

OOMBAT&'IBT 
DATA SURVEY 
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FUTURE ACTIONS 

REVIEW SERVICE ENGINEERING STUDY OF TRANSPORT 
AIRCRAFT DIRECTED BY OSD? 

PREPARE WAIVER AGAINST TESTING ENTIRE'. AIRCRAFT? 

DEFINE THREAT TO BE TESTED 

REVISE TEMP 
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ACQUISITION 

'C'703 697 9417 AFPEO TA 

OFFICE OF THE UNDER SECRETARY OF DEFENSE 

WASHINGTON, DC 20301 

July 24, ~992 

liD 0( 

MEMORANDUM FOR AIR FORCE PEO FOR TACTICAL AND AIRLIFT PROGRAMS 
(AFPEO/'I'A) , MG E. FRANKLIN 

THROUGH: DlRECTOR, TEST AND EVALUATION 

SUBJECT: Technical Issues with C-17 Vulnerability 

This letter fu1 ~!.::.1:'. our response to a.letter to IDA ~:;:-;;..o~~ 
Mr. Lynch (ASD/YCE), sam··l subject, dated June 18, ~992. Our 
preliminary response is dated June 22, 1992 (Attached). 

This letter addresses the adequacy of the overall 
vulnerabil:i.ty program of the C-17 planned by the Air Force. 
(Specifics relating only to the surrogate wing leading edge are 
addressed in our letter of July ~5. ) I summarize our conclusions. 
below. A more detailed discussion follows this cover letter. 

Hr. Lynch • s letter focuses only on a small portion of the 
much larqer issue of total aircraft vulnerability - that of the 
fidelity of the AF-proposed wing leading edge surrogate test 
surrogate. In doing so, the larger concerns that have been 
raised regarding the overall aircraft's vulnerability test and 
evaluation program have been ignored. 

I reiterate them here: 

o The threat that the Air Force proposes to primarily 
address is. the 12.7 mm API round. However, as indicated in the 
C-l7A STAR, the aircraft will not always be capable of avoiding 
all threats larger than 12.7 mm API. Past osn guidance is that 
the service should test new systems to expected threats as 
identified in the STAR. Hence, the aircraft should be tested 
with higher order munitions than the 12.7 mm API threat. 

o The Air Force is testing only a section of the wing 
leading edge dry bay for fire. There are other dry bay sections 
with other geometries in the wing that are also potentially 
vulnerable. In addition, fire initiation and sustainment in the 
pylon should also be addressed. 

o The Air Force is addressing only the dry bay fire damage 
mechanism. For larger threats, hydrodynamic ram damage should 
also be tested. 
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o The wing leading edge surrogate is not adequate for 
testing threats larger than the 12.7 mm API round. In fact, 
there is soma risk in using it as a surrogate for even the 
12.7 mm API round. We have described these risks in earlier 
correspondence. 

Our letter of July 15, l992 makes clear that the recent 
modifications to the leading edge test article "will not lessen 
the testing risks" . 

There is little disagreement throughout the vulnerability 
modeling community that fire and hydrodynamic ram effects are 
some of the most devastating damage mechanisms for aircraft and 
are also among·the ~ant difficult to model. Hence, there is 
inordinate risk associated with attempting to extrapolate the~e 
effects across caliber andjor across aircraft designs. 

Given that above, the current Air Force-proposed test 
program remains inadequate. While certain data obtained from 
testing the wing leading edge surrogate with 12. 7 mm API rounds 
may be of interest, these data must be validated with similar . 
. testing on a more suitable, production-representative test 
article. such an article could also be used to address larger 
expected threats, other damage mechanisms (such as hydrodynamic 
ram), and fire initiation in locations on the aircr~ft other than 
in the single wing leading edge section being &imulated by the 
surrogate test article. I direct your attention to the details 
provided in the comments that follow for further insights into 
our conclusions. 

Attachments 

cc: 
S&SS (Dr. Schneiter) 
ASD/YCE (T. Lynch) 

James F. O'Bryon 
Deputy Director 
Test & EValuation 
Live Fire Testing 

li!l 00 
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comments on ASD/YCE Letter dated June 18, 1992 
Regarding C-17 Vu1nerability Testing Issues 

(Comments Relate to Wing Leading Edge Test Article On1y.) 

Airflow 

We agree that the external airflow and airflow within the leading 
edge dry bay is a concern. We originally raised this point 
because we did not know the details of the Air Force's proposed 
test, and wanted to ensure that the effects of both external and 
internal airflow were addressed. We suggest that, to achieve an 
acceptable airflow, it will be necessary to duplicate the 
external air.:fl:lw (or pressure) at the point of ent~· of the 
projectile, and at other major openings to the dry bay. It will 
also be necessary to duplicate the internal airflow, at least in 
a macrD·-sense •. I would draw your attention to the current plans 
to collect similar airflow data on the C-5A Galaxy as part of its 
recent upgrade to address the pylon fire issue . 

We assume that the statement made in this document that "the wing 
LFT program will employ acceptable flow conditions for test 
purposes 11 means that these airflows will be measured on an actual 
aircraft, and they will then be duplicated to the best extent 
possible during the test • 

Differences in Spar Web Thickness on Wound Size and Leakage 

we are puzzlect by Paragraph 2.b. of this document. As pointed 
out in this document, we suggested that a separate test series be 
run to determine the effect of various spar thicknesses on the 
damage suffered by the spar upon impact with the projectile. The 
amount of damage to the spar will influence the rate of fuel 
leakage from the fuel tank into the dry bay. 

We think it would be desirable to run this test series 
because the spar web thickness used in the proposed test article 
is an average of th~spar thicknesses used on the actual C-17A 
wing. We think the test series we propose would be a reasonably 
inexpensive and simple test to resolve whether the thickness of 
the spar is an important factor in how much damage it sustains 
upon projectile impact, and on the resultant fuel leak. 

We did not propose this test series to address the effects 
of spar web thickness on API round functioning. While we think 
this effect is significant, the Air Force-proposed test is 
conservative, i.e., the spar web in the test article will be at 
least as likely to cause functioning as the spar web in the 
aircraft. For this reason, we do not consider it necessary to 

~00 
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conduct an off-line test to determine the effect of spar web 
thickness on API functioning. · 

However, it is unclear from this document if the Air Force 
agrees that the effects of web thickness on wound size and fuel 
leakage are unknown. It is also unclear if ,they intend to 
conduct the proposed tests. If the Air Force can provide data 
that shows that the effect of spar thickness on spar damage is 
insignificant over the range of thicknesses used on the C-17A, we 
stand ready to review it. Otherwise, we think that the proposed 
test series will reduce the risks of obtaining misleading results 
from the fire tests. 

Differences in Fuel Tank Size and Stiffness on Fuel Leak 

We stand by our previous position that the effects of fuel tank 
size and stiffness on fuel leaks are largely unknown. 
Intuitively, one would expect that these factors·may make a 
difference in the pressures generated in the tank when 
ballistically impacted, These pressures would affect the amount 
of tuel leaking from the wound, and thereby influence the 
probability of a fire being initiated and sustained in the wing 
leading edge dry bay. ' 

In investigating the effects of tank size, we used a mathematical 
model that suggested that fuel tank volume may not be a 
significant contributor to the pressures built up inside the tank 
on ballistic impact with a 12.7 mm API round. However, this 
model had several potentially significant limitations. 

For example, the model can predict the fluid pressure histories 
only in certain areas of the tank. It cannot predict the 
pressure history in the path of the cavitating bubble. The 
accuracy of the model is also questionable for the time period 
where there are multiple reflections from the tank walls. This 
is the period of primary concern for addressing the· effects of 
differences in tank size and wall stiffness. 

Hence, although preliminary results indicate that fuel tank 
~olume does not play a significant role in tank fluid pressures 
and fuel leakage, there is still some risk that it is important. 

Safe Distance Between Shot Lines and Test Article Stiffeners 

In our briefing, we mentioned a "safe" distance that would 
minimize the effects of a stiffener or other test article 
"disparity" on tne functioning of a 12.7 mm API round. This 
distance between the shot line and the disparity is based on the 
criterion that the 12.7 mm API projectile jacket would be 
completely through the target plate befo~e the reflected shock 
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wave arrives back at the projectile. 
differences in the reflecting object, 
between the test article and the real 
jacket stripping. 

This would ensure that any 
e.g., a stiffener 9r rib, 
wing would not affect 

We agree that this may be a conservative approach. We are 
currently searching for other information that may allow us to 
more accurately calculate the "safe" distance. 

In addition, we are also searching for data that would enable us 
to take into account the effects of a disparity on wound size. 
The question here is how far does the shot line have to be from a 
stiffener to ensure that any differences in the stiffener will 
not affect the wound size. 

The Air Force document outlines a series ~f ~rguments that the 
Air Force claims supports the assertion that the presence of 
nearby stiffeners has no effect on the functioning of an API 
round. Unfortunately, no references for these arguments were 
included in the document. We stand ready to review these 
references if the Air Force can make them available to us • 

Differences in API Round Functioning on Titanium Slat 

There is a question whether the impacting 12.7 mm API round will 
function the same on the proposed test article slat as it would 
on the actual C-l7A wing slat. The problem is that the titanium 
surface of the slat on the production aircraft is chemically 
milled to a thickness of 0,063 11 , while the titanium surface on 
the slat of the test article is a constant 0.071". The document 
mentions that a reference report shows no difference in 
functioninq for 0.063" to 0.07111 thickness in the range of 
expected impact angles. Unfortunately, the title of the 
referenced report is not included. 

our calculations indicate that for o degree o~liquity angle, 
neither 0.063" nor 0.071" titanium will cause the 12.7 mm API 
round to function. However, for a 45 degree obliquity angle, the 
12.7 mm API round will not function 84% of the time, and 
partially function only 16% of the time .. By contrast, at the 
same obliquity angle, 0.071 11 titanium will cause the round to 
completely function 36% of the time, and cause partial function 
64% of the time. 

If an API round passes through the slat, dry bay, front spar, and 
into the fuel tank, there is a good chance that no fire will 
result since the incendiary may burn out before it can come into 
contact with fuel leaking from the tank. In such a case, the 
test article may provide results different from the actual 
aircraft wing. 

~00 



··-: 

·r 

·i 
i 
: 

,. 

- ·------- ·- ---- -····-·--···· ------------------···---····-···------- .. 

07/29/92 13:41 'Q'703 697 9417 AFPEO TA 

Hydrodynamic Ram Response of C-l7A Wing to Higher Caliber Threats 

The final item listed in the document is the·potential for 
significant hydrodynamic ram damage when the C-l7A wing is 
impacted with a 23 mm HEI round. We agree that there is a lack 
of experimental data regarding the effects of hydrodynamic ram on 
large transport aircraft wings. However, we think that the Air 
Force's proposal to test one or more surrogate wings taken from 
older transport a~rcraft, and then analytically extend the 
results of this testing to the C-17A wing may not be a good 
solution to the problem. 

There is little doubt that such testing would be a useful 
addition to the vulnerability data base. ·However, we do not know 
ho~ to form the analytical bridge that would be necessary to draw 
conclusions regarding the C-l7A wing based on ·t·ests on other 
aircraft wings. We think that size alone is not a sufficient 
indicator of wing vulnerability. 

OVer the years, aircraft manufacturing processes and techniques 
have changed. Fasteners and metal alloys have become stronger 
and lighter. Aircraft designs have been optimized due to 
improved computational techniques. Aircraft machining, milling 
and metal hardening techniques have also radically changed- It 
is no longer necessary to deliberately overdesign structures to 
ensure they will not fail under all expected loads. The c-l7A 
has presumably taken advantage of·these advances to improve 
aircraft performance at lower weight and.cost. 

However, the wing's resistance to hydrodynamic ram damage depends 
on smaller scale strength properties of the wing's structure. 
Hence, this optimization may have improved the load-carrying 
capabilities of the wing, but may well have adversely affected 
its resistance to hydrodynamic ram damage. 

We have considered the use of finite element models to bridge the 
analytical gap between the Air Force-proposed tests and an 
untested C-l7A wing. According to a meeting of hydrodynamic ram 
modeling experts at WPAFB in February of this year, the modeling 
community does not have confidence in its ability to accurately 
model hydrodynamic ram effects of HEI projectiles on aircraft 
structures. This means that the analytical tools that would be 
required for the Air Force-proposed program to succeed are not 
yet avai"lable. 

Another point to consider is what would be the Air farce response 
if this series of tests were conducted, and the surrogate wing 
catastrophically failed? Would the Air Force then be willing to 
test an actual C-17A wing to demonstrate that it wouldn't also 
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fail? Since the proposed test would not take place untiifiate ·. · ·::::.:;, ::· > . 
FY93 or 94, the need for obtaining and testing a wing so ·rate in · . ~- · 
the EMD precess could jeopardize Milestone III for the program. · 
It is our opinion that planning for testing a production wing now 
will minimize turbulence in the program later. 

Other concerns About the Air Force Vulnerability Evaluation 
Program 

As previously mentioned; we· are concerned that the Air Forc:e. __ is... . .. 
largely focusing its interest on the fidelity of the wing-:\ieading · 
edge test article. Although this article could be a part of a 
well-rounded vulnerability assessment program, it cannot be an 
adequate substitute for one. 

To adequately address th(;< vulHerability of the C-1.7A, larger 
threats must be assessed using a more suitable, production~ 
representative test article. This article could be ~ed not only 
to address larger expected threats, but other damage mechanisms 
(such as hydrodynamic ram) and fire initiation in.locations.on .. 
the ~ircraft other than in the wing leading edge. · ·>'·:. .·· · 

* * * * * * •.• * * 
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OFFICE OF THE UNDER SECRETARY OF DEFENSE 
WASHINGTON, DC Z0301 

ACQUISITION 

June 22, 1992 

& EVALUATION (AF/TE) 

SUBJECT: C-17 Vulnerability Program 

The attached memorandum from the C-17 SPO was sent to our 
contractors at IDA on June 19 a:nd then forwarded to me. It 
responds to some recent discussions which I have had with Or. 
Fraser, Mr. Adolph and MG Franklin on the C-17 vulnerability test 
program, I have a couple of comments. .· 

First, all correspondence shoUld be addressed to this office 
and not be addressed to our contractors as this one was. 'l'he 
positions presented in our presentations to DUSD(A) are our 
positions, not those of IDA's. I appreciate the desire to open 
the lines of communications but this orfice shoUld be the 
addressee on all correspondence relating to these issues to 
ensure clear lines of management on this and other programs. 

Second, Mr. Lynch has specified a suspense of 2 weeks from 
our receipt of his letter. Our quick study of his letter 
indicates that we shall have some very substantial comments to 
his letter and hence, I cannot guarantee that our comments will 
be completed and back in two weeks. We shall respond as 
promptly as possible and I will keep you informed as to our 
progress. 

Lastly, the letter fails to deal with the overall C-17 
vulnerability issues which we have raised. It focuses almost 
exclusively on the adequacy of the Air Force's surrogate leading 
edge test article, and not on the more encompassing issues. 

Attach111ent 
cc: 
Dir, T&E 
IDA, Tonnessen 
C-17 SPO, Lynch 

James F. O'Bryon 
Deputy Director 
Test & Evaluation 
Live Fire Testing 

@00[ 
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DEPARTMENT OF THE AIR FORCE 
H!AOQU.6A'TERS ~ACIJJU'TICAL a'YSTDIS gMSIOtf (~ 

WAIGICT..PA'fT"'*OtlldR ~ a&ti:S. OtUO t'f f'' •':J 

?.2 

-·..,YCE &n. c-.- ~8 JUi,J 1$92 
I . 

_..Technicallsmes with t.ie C-17 Live Fire Test Program 

-Instimte for Defense Analyses 
1801 N. Beauregard Street 
Alexandria. VA 22311-1772 

I 
1. On 26 May, representatives from the C-17 SPO and the Wright LaboratOI)'. Flight 
Dynamics Dlreccoraie visited your facility to discuss the presentation by Mr o•Bryon to 
Major General Franklin and Mr Fraser. T'ne objective of this visit was to discuss, Jn detail. · 
the assessment regarding the fidelity o! the wing LFT' article, the adequacy of the :teSt pro­
gram, and the ne-o..d for additional testing. T'nis letter is intended tO convey oar undcrswld­
ing af your concerns with our test aniclc and w request your views on some test altema· 
aveL I 

l 
2. Wlth regam tO the CUircnt test article. we understaltd that there ue only five items whi:h 
ycu belleve have the possibility of impact en the validity of the testing. These ill'e: ; 

i 
I 

a. E.'ttemal alrfiow and alrilow within the leading edge dry bay. The difficulty of 
slrnulllting, on the ground., all of the 1113l!y possible conditions that could exist in ~ around 
the wing leading edge was discus~d. It \\135 agreed that it is not possible to simula.te all of 
these conditions and that the wing LFr program will employ :1eeeptable flow conditions for 
test purposes. ! 

b. Differences in spar web thickness on ballistic wound size and fuel leaktlge. The 
present spsr web :hickncss in !he LFI' article is the average ovt:r the length of the produc­
tion spar, XW 412-518. This thickness is great enou2h to cause jacket stripp.iri$ of the 
12.7mm projccti.le. The thicker web just outboli.ld of the wiPg root will also ca~ jacket 
stripping, while the web thickness outboard of the test section may or may not guarantee 
jacketsaipping. I 

I 
IDA proposes a separate tes.1: series \W.ng a small tank with the thicker web, one of the 

same thickr.ess as the LFT article, 'and a thinner web to qu:mtify the uc.ceminty of, incendi­
ary j~ket snipping and wound size with corresponding leak rates. If the test results show 
no differences in jacket stripping 'and fto·.v rates, then this concern would be considered 
resolved. [ 

. i 
c. Difference in full tank size and stiffness on fuel leaks. The IDA ccncem iS: that this 

effect is unknown. ASD is continuine to .investigate pre'lious wing ballistic test: data for 
darna"'e mechznisms and resultant dry bay effects. Results will be mad; a\·ailable to IDA 
by 1d' Aug 92. It is our understanding that the princip;U concern is stiffness 'fith tank 
volume being an insi&nificam contributor to probability of tm:. · 

-----L 

- ~010 
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d. EffectS of different stiffness on fuel leaks. The difference iS in the sha~e of the 
stiffners ("Z" on the production wing and ''L" on the ASD test article) and the contaCt area 
between the stiffners and lhe sldr... Initial inertia calculations indicate that the ASD 'test :uti­
cle stiffners a.re very close to the Stiffness of the produCtion configUration (0.236 tiL to the 
4th power "X' shape VS 0.227 in. to the 4th power .L. shape). IDA suggcs!ed mat:all shot­
lines should be four inches away from any stiffners so that ref!.~ shock waves would 
have no effect on a penetrating API's flight pam or hole m. It is our belief ~ AsD !hal 
since (I) the magnitude of a lateral stress wave generated in !he leading edge spar /web due 
to bullet impact will be significantly attenuated (t;) less than 10 pc:rtent) by thQ time i1 
reaches a. stiffena- (decreasing -with radius squared), (2) the majority of the wav~ will be 
tranSmitted beyond tllc stiffener rather than refieca:d (discontinuity area ratio of 12 ~t}, 
(3) clifferenccs in impcdcncc due to Stiffener cross section differences will be srru¥J (since 
the test article has .identical holes, f~!tcnc:rs, and spacing). and (4) any rdlecled wav~ will be 
attenuated somewhat before reachint me impact point. it follows that the magnitude of any 
difftrences in a rdlc:cted wave at the impact point, due to stiffener cross se;.."Uon differences, 
will be very small indeed. (Less than few percent of a few percent of a few pctterit!). That · 
being the case, this too would result in an insignificant impact on the test remUs. ~ 

e. D'.fferenee in API functioning due to diffetellCCS in Tit:minrn skin thicknesJ on slat. 
Th~ four shotllnes planned will impact in areas where the production skin will ~ve been 
chemically milled to .011 or slightly thinner. The refem~ce report used shows no diffenmce 
in f:lnctioning for .063 to .071 thickness in the range of expccu:d impiiCt angles; therefote, 
chis should be of no concern. : 

4. With regard tO the lOA coll\:ern over potentially signifiC!Jlt hydrodynamic zaml damage 
due to a 23 HEI hit, ASD recognizes that fh:re is a lack of data on large wings./ Conse-­
quently, we arc exploring th: test of one c;r n:orc CIIlTC!Idy available large surrogate fuel 
tar.ks instrumented for hydrodyr.amic ram and local shock d'fect.s.. Also the effec; of fuel 
levcl in the tanks will be determined. Shots would be a1 mid tank and near a spar. (The lest 
data would t!len be corr:lated 'll:ith analytical models and used to predict C-17 respC!nses. If 
this program showed no probability of catastrophic dam~ for the C-17, then additional 
tests would not be necessary. 1 

5. We believe that the information presented a}xr.le should lead you to the concl~ion that 
me test article being cons:ructed will, in fact, produce efficacious results. In the interest of 
timely finalization of the Live Fire program. we would appreciate your co~ on the 
above within two weeks of receipt of this letter. ! 

2, ~'~GfJL: 
TEO M. LYNCH,~ 
Technical Director . 
C..17 SPO ___.j 
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15 July 1992 

MEMORl\NDtlM FOR AIR FORCE PROGRAM EXECUTIVE OFFICER FOR TACTICAL 
AND AIRLIFT PROGRAMS (AFPEO/TA) 

THROUGH: DIRECTOR, TEST AND EVALUATION, OUSD(A)CJL€ 

SUBJECT: suitability of C-l7A Wing Leading Edge surrogate for l 
Vulnerability Testing for Dry Bay Fires 

We have received your July 1, 1992 memorandum, same subject 
(attached). It lists the changes that have recently been made to 
the C-17A leading edge test article currently being constructed 
at WPAl:'B, OJ:{. It also revealed one adJ.itional difference in 
cunstruction between the test article and the actual wing. which 
we we~e not aware of before (front spar material). At your 
request, we have a.ssessed the impact of these changes on the 
ad~quacy of the test article in the assessment of the 
vulnerability of the C-17 to dry bay fires. 

It is our opinion that the referenced changes will not 
lessen the testing risks already described in our earlier 
correspondence. However, the test article would continue to be 
of some use in hai~inq determine the wing leading edge dry bay 
fi~e vulnerability of the aircraft to 12.7 mm API rounds under 
the conditions described in our earlier correspondence. The test 
article is not suitable for 2J mm ana larger API rounds, nor for 
HEI rounds of any caliber. In addition, the rest article is not 
suit~n~e for determining hydrodynamic ram effects. 

Although the te=t article n.ay 
mm API rounds, there is still some 
assessment for the 12.7 mm itself. 
suggest that: 

he suitable for 
risk associated 

'l·o reduce this 

use with 12.7 
with this 
r.isk, we 

• The external airflow (or pressure) at the point of 
entry of the projectile, and at other major op~nings to the dry 
bay, should be duplicated as closely as possible during the test. 
The airflow internal to the dry bay should also duplicated, at 
leo.st in a macro sense. 

• A separate test series should be run to determine 
the effect of vo.rious spar thicJr..nesses on the ~;.)und size suffered 
by the spar upon impact with the projectile. This test series is 
necessary becau=e the spar we~ thickness used in the proposed 
test article is an avera-.e of the spar thicknesses used on the 
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actual C-17A wing. The tests would resolve whether the thickness 
of the spar is an important factor in how much damage it sustatn5 
upon ):)rojectile impact, and on the resultant fuel leak. 

• Prior to the using the test article, the Air Force 
should demonstrate by pre-test or fully documented engineering 
calculations that variancas in API round functioning and wound 
size due to stiffener cross sectlon, shape, and contact area 
differences between the test article and the actual .c-17A wing 
wlll have insignificant impact on the test results. 

o The Air Force should document that the API round's 
incendiary functioning on the titanium slat skin will be the same 
in the test article as on an actual C-17A slat. 

• The Air Force should verify that the front spar 
materjal on the test articl~ is identical to that on the actual 
wing. (Until we received your July 1 memorandum stating that 
this material would be changed from 606l-T6 to 7075~T6511, it was 
our understal}ding tilat tne test article spar material was the 
s~e as that on the actual wing.) 

It continues to be our concern that the Air Force is 
foc~sing its interest too narrowly: on a portion of the wing 
leading edge, on dry bay fire as a damage mechanism, and on 12.7 
lDll1 APT. rounds as the threat. Note that all of the a~ove concerns 
r9late to test article's a1equa~ for assessing only 12.7 mm API, 
f~r only dry bay fir& initiation and only for a small portion of 
the highly variable geometry of the leading (and trailing) edge. 
Although the proposed test could be a part of a well-rounded 
vulnerability assescment program, it is not an adequate 
~upctitutc for one. 

To adequately address the vulnerability oe th~ c-17A, larger 
threats must be assessed using a more production-representative 
test article. This article could be used not only to address 
larger expected threats, but other damage mechanisms (such as 
hydrodynamic ram) and fire initiation i~ locations on the 
aircraft other than in the wing leading edge. 

~ James F. O'Bryon 
Deputy Director 
Test & Evaluation 
Live Fire Testlng 
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ACQUISITION 

OFFICE OF THE UNDER SECRETARY OF DEFENSE 

WASHINGTON, DC Z0301 

June 29, 1992 

MEMORANDUM FOR DIRECTOR AIR FORCE TEST AND EVALUATION (AF/TE) 

SUBJECT: C-17 Vulnerability Testing 

This morning, in a meeting which I attended here with Mr. 

.. · ... -

Adolph, Dr. Schneiter, MG Franklin, BG Caruana and others, MG 
Franklin indicated that the wing leading edge surrogate test 
arti·=le being constructed at WPAFB is now··i:ie±ng modified in an 
attempt to be more representative of the actual c-17 leading edge 
being represented by the 9 foot section constructed by the Air 
Force. 

As you know, we have raised concerns regarding the realism 
of this test article as the plans have evolved and hence, are 
very anxious to get a handle on these recent changes to assess 
their potential impact. 

At the conclusion of the meeting this morning, I was 
directed to promptly assess these recent and perhaps ongoing 
changes and their potential impact on the testing with this test 
article. MG Franklin indicated that the Air Force would be 
willing to provide a complete description of each change to the 
test article. Our assessment will be completed within five 
working days of our receipt of these data. 

If you have any questions, feel free to call me or my action 
officer, Dr. Michael Dante, DSN 227-5732. 

cc: 
DT&E 
AFPEO/TA, MG Franklin 
SAF/AQQ, BG Caruana 
C-17 SPO 
WPAFB, R. Lauzze 

James F. 0 1 Bryon 
Deputy Director 
Test & Evaluation 
Live Fire Testing 
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REMARKS: 

Dr Schneiter (Strategic Systems Committee Chairman) has requested a 
meeting with SAF/AQQ and AFPEOITA on Monday, 29 Jun 92 at 1000 to 
discuss the C-17 Vulnerability Program. He has provided the attached draft 
memo for our review and comment. 

Please review the attached memo and provide your comments on Dr 
Schneiter's proposals by COB tomorrow. Specifically, Brig Gen Caruana wants 
to be prepared to discuss: 

1) whether or not analyses to date address the latest issues raised (e.g., 
ram-induced structural failure, dry bay fire initiation and sustainment in the 
wings, aircraft configured with representative operational cargo loads, and 
casualties to personnel) 

2) the feasibility of accomplishing the proposed analyses and test program 

3) the costs for conducting vulnerability testing on a larger test article, 
including the static article option 

4) the feasibility of meeting the 30-day suspense for implementation plan, 
budget, schedule, test range requirements, etc · 

We appreciate your help. 
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June _, 1992 

MEMORANDUM FOR THE SECRETARY OF THE AIR FORCE 
ATTENTION: AIR FORCE ACQUISITION EXECUTIVE 

SUBJECT: C-17 Vulnerability Program 

I have completed my review of the Air Force's 
assessing the vulnerability of the C-17 aircraft. 
have taken into account the threat to the C-17 and 
specification for survivability/vulnerability. 

plans for 
In doing so, I 
the c-17 

I have concluded that the limited testing currently planned 
by the Air Force (12.7 mm API at a wing leading edge surrogate 
~ast article) is insufficient. 

The design and configuration of the aircraft should have the 
highest practical level of protection against threats that cannot 
readily be detected, evaded, or countered, consistent with the 
planned operation of the c-17, as well as cost, schedule, and 
performance implications. In this regard, testing should be 
limited to assessment of those "cheap kill" single-shot 
vulnerabilities for which there are potential practical fixes of 
modest cost and minimal weight and fuel reduction penalties. 

The tests would determine the vulnerability of the aircraft 
to (1) ram-induced structural failure and (2) dry bay fire 
initiation and sustainment in the wings. The test program should 
be in two phases; The first would estaclish whether 
vulnerabilities exist. If vulnerabilities do exist, the second 
phase would test the proposed modifications to address them. The 
wing should be subjected to 12.7 and 14.5 mm API & HEI projectile 
ballistic tests, in accordance with the threat described above. 
Consideration should also be given to testing with 20 and 23 mm 
projectiles. 

The testing should therefore be accomplished on a larger, 
mora production-representative test article, to address priority 
vulnerability issues for the expected threat. Use of the static 
test article, with the dry bays reconfigured to be representative 
of a production wing, offers one option to enable tasting of the 
priority issues at a reasonable cost and potential return on 
investment. All systems present on an actual operating aircraft 
in the leading edge dry cays and trailing edge dry bays would 
need to be installed into the test article. Use of this static 
test article rather than a new production wing is contingent upon 
a priori acceptance of the static test article as adequately 
representing the wing for this ballistic testing. If the static 
test article is inadequate for this purpose, you should consider 
procuring and testing a production wing. 
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In addition to these tests, analyses should be performed to 
assess the vulnerability of the aircraft configured with its 
representative operational cargo loads, as well as casualties to 
personnel. 

I request that you submit to me within 30 days 
implementation plans to accomplish the above including budget, 
funding plan, schedule, and test range requirements, 

111 .. : C:17WLNfUU.T 
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RESPONSE TO COL DONNELLY'S TELEFAX ON 
C-17 VULNERABfi.ITY PROORAM 

The following response is.provided to the issues Brig Gen Caruana and Maj Gen :franklin 
will discuss with Dr Schneiter on 29 Jun 92: [ 

1) Whether or Mt analvser tn dare address rhe latest issues raised /e.g rbm­
induced srrucrural failure dry bay fire jnin.qrion and susrqinment in rhe winfs aircraft 
configured wjth rrnresentative operatinnLll caroq lnq4s. and cawalries to rzerrann{V 

i 
a. There have been 6- and 26-view analyses performed on the C-17 

configuration. These analyses were accomplished using the standard method approved by 
the Joint Technical Coordination Group on Air(..T.Ut Survivability (JTCG/AS). There were 
2.13 million shotlines investigated. This analysis determined the vulnerable area.S and the 
cause of that vulnerability. Threat sizes varied from 7.6mm through 23mm HE!., The only 
significant vulnerability for the 12.7mm A?I is in the leading edge dry bay due to fire. For 
larger rounds the kill mechanism is also fire. · 

b. As a part of the C-17 program detailed drawings and specifications have 
been prepared for crew protection against 12.7mm API rounds. This armor (173'8 lbs) 
would be installed only in war times. Additional in-house studies have estimated' that an 
additional 12,348 lbs of armor permanently installed would be required to provide similar 
protection for troops. To funher protect the crew and troops from 23mm API rounds 
would require an additional5314 and 37,044lbs respectively of l-inch thick titanium 
permanently installed. These large weight increases would have a very significant effect on 
payload/range capability. 

c. With regard to hazardous cargo, 12.7mm API rounds would f~nction at 
the fuselage skin well before the proj~:ctile would reach the cargo and, therefore, .would not 
be a fa..:tor. For 23mm rounds the same amount of armor as required for the troops would 
be required to prevent significant damage. Funher analysis does not appear warranted. 

d. Early this year, a JTCG meeting was hosted at ASD to focus on the tools 
available for analyzing the effects of hydrodynamic ram on aircraft strucrure. Ir ~as the 
general concensus of the participants that no acceptable method is available at this time. 
The SPO, in conjunction with the Aight Dynamics Laboratory, has proposed a surrogate 
tank test program. This program would use fuel tanks from existing transport aircraft (i.e., 
C-130) and could be achi~ved quickly and with confidence in verifying the ram effects to 
the C-17. Using tanks from two different large transports and firing both 23 and: 30mm 
HEI rounds, the tests could be accomplished in five months at a cost of SSOOK. Results 
from these tests are easily analyzed for effects on the C-17 wing strucrure. ! 

' 
2. The feasihi/irv ofaccnmnlishjnq rhi! nmr10~rd aoolv~es anti rm rrogram The 

feasibility of the analyses effon has been discussed above. The SPO was under the 
impression that OSD considered a wing leading edge test anicle satisfa..:tory for determining 
probability of fire (with fire being generally accepted as the primary kill mechanism). The 
only question being the fidelity of the ASD test anicle. The Institute of Defensive Analysis 
(IDA) has, through Mr O'Bryon's office, identified five differences between the ASD 
article and the production article that have potential significance. Other differences were 
considered negligibk. ASD sent a letter to IDA to clarify these differences and to anempt 
resolution. Comments have been requested. Barring complete analytical resolution. there 
are physical changes that can be made to make the ASD anicle more representative of the 
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I 
production aircraft These would delay the ASD test program by 32 to 80 weeks and 
would COSt an additional $155,000 to $1,035,000 depending on what changes WOUld be 
necessary. ASD has some concern over using the static article !0 test for hydrodynamic 
ram damage !0 wing structure. The static article will bt: tested to failure with one Wing 
failing f1rst. The question is whether or not there will be sufficient relatively undamaged 
structure remaining after the test. The SPO's preference is the surrogate tank test pescribed 
above. ! 

I 
3. The mrtr fnr concJucn·ne vu!nerabilitv resring on a targer tert qrricle in'cludin2 

the ~rarjc article onrion The SPO has requested a cost estimate from DAC for '"stufflng·· 
the static article. This estimate should be available by 30 Jun 92. It is expected tq be 
considerably higher thllll the S 13.3 million suggested by IDA. There is also an adllitional 
$4.5 million cost estimate from IDA for conducting the test which ASD feels is adequate. 
The cost of a production wing would also be higher than IDA's estimate and more 
imponantly would cause a significant disruption to the current production line. ; 

4. The fra~ihi!itv of meeting the 30-day susnenye (rr imnlgmentatjon nlan. budw, 
schedule. rest range reauiremenrr uc Thr. SPO can meet the 30-day suspense for 
plllllning, budgeting. and scheduling of the Live Fire Test Program, but only aftei receiving 
direction and definitive requirements for such a program. lf the SPO is directed (9 use 
higher order thn:ats than 12.7rnrn API against its test article, the number of shots will be 
significantly rc:duced. A series of 12.7rnrn API shots followed by a very few higher order 
shots would seem the most prudent course. Additionally, a few high order shots at large 
fuel tanks should resolve the ram issue. ! 



ISSUE: 

C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAl\1AGE 

SURROGATE TEST OPTIONS 

Can the C-17 wing structurally withstand the impact 
of a 23mm HEI (or 30mm HE!) projectile. including the 
hydrodynamic ram effects. 

OVERALL APPROACH: 

Ballistic testing with one or more sur"ogate 
aircraft wing sections to quantify the threat 
hydrodynamic ram effects on large transport aircraft 
wing tanks. 
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C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE TEST OPTIONS 

OPTION 0 .------------
Approach: Estimated Cost 

-Three shots into C-130 wing tank 
- Two shots mid-tank 
- One shot next to spar 

S20K 
- No instrumentation 

Expected Results: Estimated Schedule 
1--------------

- Quick look at 23mm HE! damage 

to large wing tank 2 Weeks 
-Simple. inexpensive test might 

answer issues 
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C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE TEST OPTIONS 

OPTION l 
Approach: Estimated Cost 

-Three sots into C-130 wing tank 
- Two s hoI s mid -Ian k 
- One shot nex 1 to spar 

S50K 
- Pressure and strain i nst rumen tat i or 

Expected Results: Estimated Schedule 
- Representative 23m m HE I damagE 

to large wing lank 
-Pressure/strain history for l Month 

cor.n pari son to analysis 
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C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE TEST OPTIONS 

OPTION 2 
Approach: 

-Six shots into C-130 wing tanks 
- 23mm and 30mm HE! 
--Pressure/strain instrumentation 

Ex pee ted Resu Its: 

-Quantify both 23mrn and 30mrn 
levels or damage 

- Pressure/ strain data for 
comparison to analysis 

Estimated Cost 

S200K 

Estimated Schedule 
r-----------·------

4-5 Months 

, 
"' 



C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE TEST OPTIONS 

OPTION 3· 
Approach: Estimated Cost 

-------··· 

- Tl1ree shots into 707 wing tonk 
- Two shots mid-tonk 
- One shot next to spar 

S300K 
- Pressure/strain instrumentation 

Exp8cled Results: Estimated Schedule 
-Quantify 23rnm HEI damage 

to large wing tank 
-Comparison to C-130 data would 4-6 Months 

show trends 
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C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE TEST OPTIONS 

RECOMMENDATION: ·. 

OPTION 0 or 1 

ANALYSIS OF RESULTS 

PROPOSAL TO· OSD 

OPTION 2 and 3 

~---------

Estimated Cost 

Less than S600K 

.----------
Estimated Schedule 

6-8 months 
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C-17 LFT PROGRAM 
HYDRODYNAMIC RAM DAMAGE 

SURROGATE. TEST OPTIONS 

Analysis 

Tasks 

- Analyze each tank 
I . 

structure and predict 
damage. 

- Compare test asset to 
C-17 and show how C-17 
is less vulnerable to 
threat effects 

Options 
1----------

C-17 Engineering 

ASIAC (WL/FIBR) 

Douglas 

Northrop 

::. 

i- ~ 
I 

; ... 

'-< 
~· 
~ 

..... 
((r 

T 

' i: 
,-,. 
~. 

=T· 
I ,, ' 
n , 
- ' 

~ 

; 
! 

. ; ' 

' ' 

' 
' 
' ' ' I . 

' ' 

: I 

' 



(. ,/' 

• • 
·~ 

-~ .... 

REPORT TO DUSD(A) 

ODLFT ASSESSMENT OF C-17A VULNERABILITY 
PROGRAM 

MAY 29, 1992 

MR. JAMES F. O'BRYON 

DEPUTY DIRECTO_R TEST AND EVALUATION/LIVE FIRE 
TEST 

I 

LAE/4/22192·1 
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TOPICS 

• BACKGROUND 
• Requirement~• 

- Threat 

• ISSUES IDENTIFIED BY ODLFT 

• STRATEGY PROPOSED BY ODLFT · 

• ASSESSMENT OF DOUGLAS AIRCRAFT COMPANY'S 
VULNERABILITY ANALYSIS 

· • ASSESSMENT OF AIR FORCE PROPOSED BALLISTIC TESTS 

• ADDITIONAL TEST OPTIONS 
• . ' 

• EXAMPLE SOLUTIONS TO POTENTIAL VULNERABILITY 
PROBLEMS ' 

• RECOMMENDATIONS 



SYSTEM REQUIREMENTS 

• DELIVER OUTSIZED CARGO INTO AUSTERE, FORWARD 
AIRFIELDS 

• REPLACE RETIRING C-130, C-141 AIRCRAFT, AND AUGMENT 
C-5 

• CURRENT AIR FORCE POLICY STATEMENT (APRIL 1992) 

• Routinely operate in low threat environment 

- Occasionally operate in medium threat environment 

• Rarely operate in high threat environment 

- Employ threat avoidance and/or suppression 

- Risk management decisions by appropriate level of command 
I 

LAE/4129/92·1 



AIR FORCE THREAT DEFINITIONS 

• LOWTHREAT 

- Optically aimed AAA up to 0.51 caliber (12. 7MM equivalent) 

• MEDIUM THREAT 
- Low threat plus 

- AAA weapons greater than 0.51 caliber 

- Man-portable SAMs . 

- Threat avoidance possible 

• HIGH THREAT 

LAE/4/29/92·2 

- Medium threat plus 

- Threat dispersion pattern which denies ayoidancl: and requires 
penetration 



C-130 

Small Arms/Automatic 170 
Weapons 

AAA 3 

Unknown Origin 28 

Man-Portable SAMs -

TOTAL 201 

SUMMARY OF CARGO/TRANSPORT 
AIRCRAFT LOSSES 

U. S. Alrcralt In Southeast Asia 

Damages Losses Soviet Transport 

Other Cargo/ Other Cargo/ 
Losses In 

C-130 Afghanistan 
Transport Alrcralt' · Transport Alrcrafl" 

323 6 6 ? 

8 3 0 ? 

55 13 22 ? 

-- - -- 31 

i 

386 22 28 31+? 

'CV-2, C-7A, C·117D, C-123, C-124, C-104A, C-141, C-5A. 

I 

LE/111201110·8 

u.s. 
Cargoffransport 

Alrcralt 
Damaged In 

JUST CAUSE 

15 

0 

0 

0 

15 



COMPARISON BETWEEN DESIGN THREAT 
AND EXPECTED THREAT 

• DESIGN THREAT- 12.7 MM API 

• U. S. AIR FORCE REQUIREMENTS 

- Operate In "medium threat environment" including small arms, 
optically tracked AAA, hand-held lA missiles 

• DIA APPROVED SYSTEM THREAT ASSESSMENT REPORT 
(LATEST STAR MARCH 1991) 

• AF PROPOSED VULNERABILITY TEST 

LAE/4114192/2 

- Only 12.7 mm API rounds are to be fired at replica of small section 
of wing leading edge 
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ISSUES IDENTIFIED BY ODLFT 
(SEPTEMBER 1988) 

• THREAT MUNITIONS 

• USER VULNERABILITY 

• VULNERABILITY DUE TO CARGO 

• VULNERABILITY IN DELIVERY AREA 

- Low Altitude Parachute Extraction System (LAPES) 
- T:lte-off/landing 
- Parked =·. 

• SYSTEM AND/OR COMPONENT ISSUES 

- Fuel system 
Prppulsion 

- Flight controls 
- Structure 

I 



lossible Vulnerability Ass... 3ment Strategy for C-17 A 
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THREAT CLASSES INCLUDED IN STAR 

THESE ISSUES 
GENERALLY 

NOT APPLICABLE 
TO THESE 
THREATS. 

PERTINENT 
ISSUES NEED TO 

BE IDENTIFIED. 
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ASSESSMENT OF DOUGLAS AIRCRAFT COMPANY'S 
VULNERABILITY ANALYSIS 

• ODLFT/IDA CONDUCTED DETAILED REVIEW OF DAC'S ANAL VSIS 

• NO MAJOR DISCREPANCIES NOTED 

• CONCERNS REMAINING 

• Limitations Inherent in process- Failure Modes, Effects, and Criticality 
Analysis (FMECA) and 26 View Vulnerability Analysis 

L T/4/28/92·2 

• Some concerns being addressed by on-going DAC analyses and/or 
demonstrations 

• Some concerns umesolved 

-· Verifica-tion of wing structure vulnerability via testing 

- User casualties (via analysis) I 

-- Vulnerability due to cargo (via analysis) 
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AIR FORCE-PROPOS~ J C-17A WING LEADING 
EDGE TEST ARTICLE 

...---•.. 

Wing leading Edge 
~,....,..____ Secllon Represenled by 

Surrogale In Tesl 
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C-17 a-nOGRAM 
WING LEADING EDGE TEST ARTICLE .. CONCEPTUAL 

I 

. . 
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ASSESSMENT OF AIR FORCE PROPOSED 
BALLISTIC TESTS 

• LIMITED TO 12.7MM API- DESIGN THREAT IS LOW END OF 
THREAT SPECTRUM 

• LIMITED TO DRY BAY FIRE ISSUE IN A PORTION OF WING 
LEADING EDGE -THERE ARE OTHER IMPORTANT ISSUES TO 
ADDRESS AND OTHER DRY BAYS ~N THE WING 

' 

• TEST ARTICLE, IS NOTA PRODUCTION ITEM- SOME RISK OF 
OBTAINING UNREPRESENTATIVE RESULTS 

LAE/4/22/92-3 
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PLANNED AIR FORCE C-17 A BALLISTIC VULNERABILITY 
TESTS 

THREAT CLASSES 

MAN-
AAA PROJECTILES, 

SMALL ARMS, 
PORTABLE, AFSAMS, AUTOMATIC 

ISSUES ' OTHER . AAM,ASM, OTHER PROJECTILES WEAPONS 
IASAMS BOMBS, ARTILLERY (23MM APUHEI, 30MM I lEI) _{12.7MM API\ 

DAY BAY FIRE ~'-"-"-"-"-J 
iil~ ULLAGE 
;:)II) 
U.> RAM INDUCED Ill 

STRUCTURAL FAILURE -
z FIRE (PROPAGATION UP 
0 PYLON) 
iii ·' -' UNCONTAINED ~NGINE 
;:) '; ll. FAILURE 
0 ' ' ' ' . ~ . i ~ a: ENGINE-FLAP ' ,, \ ! • 
ll. ·' 

SYNERGISM I I. I 

' 
i 

1%~ =planned balllsllc Jests using Air Force proposed wing leading edge test article. 



ASSESSMENT OF THE AIR FORCE PLANNED BALLISTIC 
TESTS 

CONCLUSIONS 

• THE AIR FORCE PROPOSED WING LEADING EDGE TEST ARTICLE IS 
ONLY ADEQUATE FOR: 

- Testing with one threat, 12.7MM API- (not adequate for larger threats such 
as 23MM API or HEI) 

- Assessing only one damage mechanism, dry bay fires 

- And then only under certain conditions 

• THERE IS CONSIDERABLE RISK ASSOCIATED WITH THESE LIMITED 
TESTS BECAUSE: 

- Other expected threats will not be addressed 

- Other important damage mechanisms will no~ be addr"lssed 

- The test article not representative of a production wing for many shot lines 

- Results based on test article may be misleading 

LAE/4/24/92-1 



PRIORITY ISSUES THAT WOULD REQUIRE TESTING TO 
REDUCE RISK 

• RAM-INDUCED WING STRUCTURAL FAILURE 

- Can threat Impact on a C-17A fuel cell cause sufficient hydrodynamic ram 
. damage to cause the loss of a wing? 

• DRY BAY FIRE 

- Can an Impact on any of the dry bays In the wing leading edge or trailing edge 
cause a sustained fire? 

• PYLON FIRE INITIAT~ON/PROPAGATION 

LAE 4122192·4 

- Can a threat Impact on'a pylon cause a fire, defeat the fire barriers and lead to 
a sustained fire in the wing? 

I 
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PRIORITY ISSUE -THREAT MATRIX 

ISSUES 

DRY BAY ARE 

ULLAGE 

RAM INDUCED 
STRUCTURAL FAILURE 

ARE (PROPAGATION UP 
PYLON) 

UNCONTAINED ENGINE 
FAILURE 

ENGINE-FLAP 

MAN­
PORTABLE, 

OTHER 

THREAT CLASSES 

RFSAMS, 
AAM,ASM, 

BOMBS, ARTILLERY 

. ~ =planned ballistic tests using Air Force proposed wing leading edge test article. 

Jllll = ODLFT propoaed additional ballistic teats. 



OPTION 1 Complete Production Wing 
With Pylons Without Engines 

OPTION 2 

OPTION 2A 

OPTION 3 Wing From Static (est Article O~TION 4 

4·22·92-lm 

With Systems Added to Drybays 

LEGEND 

GJ Systems In Dry Bays 

-

Systems In 
Remainder of Wing 

D Systems Absent 

Complete Production Wing 
Without Pylons and Engines 

Section of Production Wing 
with Inboard Fuel Tank 
and Resident Systems 

Wing From Static Test Article 
Without Systems Added 



/ '\. 

ISSUES ADDRESSED FOR EACH TEST OPTION 

OPTIONS 

ISSUES 2. Production Wing 

1. Production Wing 
Without Pylons 3. Static Test 

ADDRESSED Article Wing With 4. Static Test 
With Pylons 2A. Section* of Systems Added to Article Wing 

Production Wing Dry Bay 
Without Pylons 

1. RAM Induced wing X X X X 
structural failure 

2. Dry bay fire X X X 

3. Pylon fire X 
Initiation/propagation 

*Umlled to Inboard tank, adjacent dry bays, and resident systems. 

I 

LAE 41221112-5 ;- ., 
. .~ .. ;_ . 
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BENEFil 
t"O·U:U'-• • r • t:.~ • Uf-" f fUN~ 
-COSTS 

COSTS* (FY 93 $M) 

OPTION BENEFITS 
TEST TEST 

ARTICLE CONDUCT 

1. PRODUCTION WING WITH ADDRESSES ISSUES: RAM Induced wing failure, dry bay lire, and pylon lire 37.5 6.2 
PYLONS lnlllallon/propagallon 

WITH HIGH FIDELITY 

2. PRODUCTION WING ADDRESSES I.SUES: RAM Induced wing failure and dry bay lire 32.8 5.4 
WITHOUT PYLONS 

WITH HIGH FlfJELITY 
' 

2A. SECTION OF ADDRESSES l!lSUES: RAM Induced wing failure and dry bay lire 
PRODUCTION WING WITH 
INBOARD FUEL TANK WITH HIGH FIDELITY BUT LIMITED TO INBOARD TANK AND ITS ADJACENT 30.8 3.8 
AND RESIDENT SYSTEMS DRY BAYS; WILL NOT INCLUDE VARIATION IN TANKS AND DRY BAYS IN 

REMAINDER OF WING 

3. WINO FROM STATIC TEST 
ARTICLE WITH SYSTEMS ADDRESSES ISSUES: RAM lnducad wing failure and dry bay lira 
ADDED TO DRY BAYS 

BUT THERE ARE RISKS TEST ARTICLE WILL BE: 13.3 5.4 
- Irreparably damaged from stallc tests 

- Not fully production representatstlve 

' 
4. WING FROM STATIC TEST 

ARTICLE WITHOUT ADDRESSES ISSUE: RAM Induced wing failure I 4.0 3.4 
SYSTEMS 

BUT THERE ARE RISKS TEST ARTICLE·WILL BE: . - Irreparably damaged from stallc tests 

- Not fully production representallve 

'Rough order of magnllude coaleallmal .. lnclude spares and co. 11rac1or supporL 

LAE/4122112·11 

,, .. 



THE FOUR PROPOSED OPTIONS WILL INCREMENTALLY 
REDUCE THE RISKS BY: 

• ADDRESSING ADDITIONAL THREATS, E.G., 

- 12.7MM HEI - 23MM API/HEI 
- 14.5MM API/HEI - 30MM HEI 
- 20MM API/HEI - Man-portable SAMs 

• ADDRESSING ADDITIONAL VULNERABILITY DP,MAGE 
MECHANISMS 

- Hydrodynamic ram induced structural failure 
- Realistic dry bay fires 
- Pylon fire initiation and propagation 

• EMPLOYING A PRODUCTION-REPRESENTATIVE TEST ARTICLE 
- To address the above threats and issues 
- To verify the results for the planned 12.7MM API wing leading edge 

tests and extend them to other dry bays 1 

LAE/4/30/92-1 



.XAMPLES OF POTENTL -'- FIXES IF PROPOSED 
VULNERABILITY TESTS UNCOVER PROBLEMS 

• RAM-INDUCED WING STRUCTURAL FAILURE 

- Change aircraft automatic fuel management system 
,. 
·' 

- Depending on the mode of failure, past experience demonstrates that simple, 
Inexpensive design changes can sometimes reduce problem, e.g., 

- Change In type of fasteners used 
- Add liner to vulnerable portion of spar 

• DRY BAY FIRE 

- Install passive and/or active fire suppressidn system 

• PYLON FIRE INITIATION/PROPAGATION 

- Install passive and'lor active fire suppression system In pylon 

- Relocate or Increase shielding of fuellinesr.n pylon 

- Install self-sealing fuel lines in pylon area 

LAE/4/26192·1 



QUESTION: IF PROPOSED TESTS UNCOVER VULNERABILITY 
PROBLEM, ARE THERE COST-EFFECTIVE SOLUTIONS 

AVAILABLE? 

POTENTIAL VULNERABILITY EXAMPLE SOLUTION 

HYDRODYNAMIC RAM INDUCED • FUEL MANAGEMENT PROGRAM FOR 
STRUCTURAL DAMAGE TO WING COMBAT MISSIONS 

• RAM ATTENUATION LINER 

DRY BAY FIRES • AUTOMATIC FIRE EXTINGUISHERS 

PYLON FIRES • AUTOMATIC FIRE EXTINGUISHERS 
' 

I 

LAEIS/21/82-4 



C-17A WIN···· FUEL TANKS 

FIGURES ARE FOR 50% AIRCRAFT FUEL CAPACITY 

-- ----·-····· 

I 
I 

I 

I I 
I 

OUTBOARD TANKS / INBOARD TANKS 

----.. 

MAIN AFT TANK 
!EMPTY I 



----

FUEL MANAGEMENT PROGRAM FOR COMBAT MISSIONS 

• DAMAGE FROM HYDRODYNAMIC RAM EFFECT DECREASES WITH DECREASING 
FUEL LEVEL IN IMPACTED TANK 

• MODIFY FUEL MANAGEMENT SYSTEM TO FACILITATE TWO PROGRAMS 

- Benign mission program 

- Combat mission program 

• BENIGN MISSION PROGRAM WOULD SEQUENCE FUEL TANK LEVELS TO 
MAINTAIN C.G. FOR MAXIMUM FUEL EFFICIENCY (SOME TANKS REMAIN FULL 
WHEN OTHERS ARE EMPTY} 

• COMBAT FUEL MANAGEMENT PROGRAM WOULD BALANCE FUEL LEVELS TO 
AVOID HAVING SOME T A.NKS NEAR FULL 

• MODIFICATION REQUIRES ADDITION OF VALVES AND SWITCH AND CHANGES 
IN SOFTWARE 

I 

LAE/51211112·1 



RAM ATTENUATIOI\I LINER APPLICATION 

LINER 

I 

DRY BAY 

FUEL.# 

DEFLATED TO ALLOW LAR~ER INITIAL 
FUEL LOAD 

LINER 

~ 

DRY BAY 

FUEL~ 
: 

INFLATED LATER IN MISSION WITH 
NITROGEN ENRICHED AIR FROM 
PBIGGS SYSTEM 



SECTION OF RAM J rENUATION LINER 

. ,. 



RAM ATTENUATION LINER 

· • INFLATABLE BLADDERS ARE ATTACHED TO THE SPAR IN THE FUEL TANKS 
THAT ARE VULNERABLE TO HYDRODYNAMIC RAM STRUCTURAL DAMAGE 

• CAN BE DEFLATED AT START OF MISSION AND INFLATED AS FUEL IS DRAWN· 
OFF DURING FLIGHT 

• COULD BE INFLATED WITH NITROGEN ENRICHED AIR FROM ONBOARD INERT 
GAS GENERATING SYSTEM (OBIGGS} TO ALSO REDUCE CHANCES OF FIRE 

• SYSTEM INCLUDES BLADDERS, VALVES, REGULATORS AND CONTROLS 

I 

LAE/51211112-8 
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• 

RAM ATTENUATION LINER ON FRONT SPAR IN ALL 
FUEL TANKS 

I 

- RAM ATTENUATION LINER 

OUTBOARD TANKS ,' 

I 
I 

I 
I 

I I 

INBOARD TANKS 

MAIN AFT TANK 



' ' ~ 

FUEL MANAGEMENT SYSTEM AND RAM ATTENUATION 
LINER FOR FEED AND RESERVOIR TANKS 

- RAM A UENUA TION LINER 

I 

I 
I 

I 

I 

OUTBOARD TANKS / INBOARD TANKS 

MAIN AFT TANK 



RAM ATTENUATION LINER 

BENEFITS COSTS* 

• REDUCE HYDRODYNAMIC FRONT SPAR- ALL TANKS 

RAM INDUCED • ADDITIONAL WEIGHT -130 POUNDS 
STRUCTURAL DAMAGE TO 
WINGS • REDUCTION IN FUEL CAPACITY -190 

• (SECONDARY) REDUCE 
POUNDS 

RISK OF FIRE • ROM LIFE CYCLE COST ESTIMATES 
- $226K per aircraft 

- $27.1M for 120 aircraft fleet 

FRONT SPAR- FEED AND RESERVOIR TANKS 

• ADDITIONAL WEIGHT -40 POUNDS 

• REDUCTION IN FUEL CAPACITY -60 
' POUNDS 

• ROM LIFE CYCLE COST ESTIMATES 

. - $81K per aircraft 

- $9.BM for 120 aircraft fleet 

• Assumes Installation during aircraft production tor all 120 aircraft. 

LAE/51251112·2 
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AUTOMATIC FIRE EXTINGUISHERS 

• OPTICAL SENSOR DETECTS AND DISCRIMINATES FIRES FROM OTHER 
RADIATION SOURCES BASED ON WAVE LENGTH 

• EXTINGUISHER DISCHARGES AGENT IN MILLISECONDS 

• OFF-THE-SHELF SYSTEMS AVAILABLE; PROVEN IN ENGINE NACELLE FIRE 
PROTECTION AND IN SEVERAL VEHICLES 

• SYSTEM INCLUDES DETECTOR AND EXTINGUISHER IN EACH DRY BAY/PYLON, 
AND CONTROL CIRCUIT WITH BUll T IN TEST 

I 

LAE/51211112-3 
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AUTOMATIC FIRE EXTINGUISHERS 

BENEFITS COSTS* 

• EFFECTIVE ONE SHOT FIRE DRY BAY APPLICATION 

SUPPRESSION • TOTAL SYSTEM WEIGHT FOR 40 WING 
LEADING EDGE DRY BAYS PER AIRCRAFT 
-150 POUNDS 

• EXTREMELY FAST 
(MILLISECONDS) • LIFE CYCLE COSTS FOR WING LEADING 

EDGE 
• PEACETIME AS WELL AS 

- $260K per aircraft COMBAT FIRE 
PROTECTION - $30.7M for 120 aircraft fleet 

• LOW MAINTENANCE PYLON APPLICATION 

• TOTAL SYSTEM WEIGHT FOR ALL 4 
' PYLONS -15 POUNDS 

• LIFE CYCLE COSTS FOR PYLON 
APPLICATION 

. 
- $21 K per aircraft 

- $2.5M for 120 aircraft fleet 

•Assumes Installation during aircraft product1on lor all120 aircraft. 

lAE/51211112-2 
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EXAMPLE VULNERABILITY REDUCTION SYSTEMS 
COST SUMMARY 

SYSTEM 
WEIGHT 

-. 

ESTIMATES LIFE CYCLE COSTS' 

POTENTIAL VULNERABILITY EXAMPLE SOLUTION AND FOR 120 

(CHANGE IN AIRCRAFT FLEET 

FUEL (FY 93 $M) 

CAPACITY) 

HYDRODYNAMIC RAM INDUCED FUEL MANAGEMENT PROGRAM 60 LBS. $16.7 
STRUCTURAL DAMAGE TO WING FOR COMBAT MISSIONS 

RAM ATTENUATION LINER FOR 130 LBS. $27.1 
F~ONT SPAR IN ALL TANKS (·190 LBS. 

FUEL) 

FUEL MANAGEMENT PROGRAM FOR 100 LBS. 
COMBAT MISSIONS + RAM (·60 LBS. $26.5 
ATTENUATION LINER IN FEED AND FUEL) 
RESERVOIR TANKS 

DRY BAY FIRES AOTOMATIC FIRE EXTNGUISHERS 150 LBS. $30.7 

PYLON FIRES AUTOMATIC FIRE EXTINGUISHERS 15 LBS. $2.5 . 

'Rough order of magnitude cost estimates to equip all120 aircraft assuming Installation at production. 

LAE/5125182·1 
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CONCLUSIONS 

• LIMITING VULNERABILITY TESTING TO THAT PLANNED BY THE AIR 
FORCE INCURS UNACCEPTABLE RISKS 

• ANY ONE OF THE PROPOSED TEST OPTIONS WOULD COST LESS 
THAN 1/10 OF 1 PERCENT OF THE C-17 PROCUREMENT COST 

• IF THE TESTING VERIFIES SUSPECTED VULNERABILITIES, THERE ARE 
COST-EFFECTIVE MEANS AVAILABLE TO REDUCE THE 
VULNERABILITIES WITHOUT MAJOR STRUCTURAL CHANGES TO THE 
AIRCRAFT 

• OPTION 3 (STATIC TEST ARTICLE WITH SYSTEMS ADDED TO DRY 
BAYS) WILL ADDRESS THE HIGHEST PRIORITY ISSUES FOR A 
REASONABLE COST , 

LAE/4130192·2 
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ASSESSMENT OF lHE C-17A VULNERABILITY PROGRAM 

RECOMMENDATIONS 

• SELECT OPTION 3- STATIC TEST ARTICLE WITH SYSTEMS ADDED 
TO DRY BAYS (OPTION 3 ADDRESSES HIGHEST PRIORITY ISSUES 
FOR REASONABLE COST) 

• AIR FORCE INCLUDE APPROPRIATE VULNERABILITY REDUCTION 
SYSTEMS IN THE TESTS WITH OPTION 3 

I 

LAE/4124192·2 



MEMORANDUM FOR 

SUBJECT: C-17 

OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, OC 20301·3030 

DIRECTOR, TEST AND EVALUATION (AF/TE) 
THROUGH: DEPUTY DIRECTOR, DEFENSE RESEAR,Cwt - V 

AND ENGINEERING (TEST AND EVALUATION) / -.. L-/D 1/1 ,o 
,· ., 

vulnerability Testing 

The C-17, although not a Live Fire Test system according to 
the OSD General Counsel, will undergo vulnerability testing. The 
details of that vulnerability testing are still under discussion 
but our offic~ will have some oversight and repc=~~nq--· < 

responsibility. Hence, we will continue to be involved with all 
vulnerability testing and analysis. 

We request that you continue to invite us to attend all C-17 
vulnerability tests and other significant events. 

James F. O'Bryon · 
Director · 
Live Fire Testing 



C-17A 

VULNERABILITY PROGRAM 

. e· 

PRESENTED TO: MAJ GEN FRANKLIN 

MRTEDLYNCH 

I 

C-17 TECHNICAL DIRECTOR 

:~3 MARCH 1992 



I OUTLINE I 
APPROACH 

DESIGN REQUIREMENTS 

ASSESSMENT 

TESTING 

POTENTIAL SURVIVABILITY ENHANCEMENTS 
AND STUDIES 

SUMMARY 



APPROACH 



I PROGRAM APPROACH I 

• VULNERABILITY POSTURE ESTABLISHED THROUGH APPLICATION 
OF PROVEN DESIGN PRACTICES 

•• REDUNDANCY 

•• SEPARATION 

•• FIRE PROTECTION 

• VULNERABILITY TESTING AND ANALYSIS IS INTEGRAL PART OF 
C-17 PROCESS 

I MAXIMUM USE OF EXISTING INFORMATION I 



I VULNERABILITY DESIGN I 

• SYSTEMS ENGINEERING BASED PROGRAM 

•• DESIGN CHANGES DERIVED FROM FAILURE MODE EFFECTS 
AND CRITICALITY ANALYSIS, DAMAGE MODE AND EFFECTS 
ANALYSIS, AS WELL AS VULNERABILITY ANALYSIS 

•• DEVELOPMENTAL TESTING AIMED AT VALIDATION OF ANALYSIS 
BY SUPPLEMENTING EXISTING DATA 



VULNERABILITY DESIGN 
(CONT'D} 

• COMPONENT SELECTION CRITERIA 

•• INVULNERABLE ITEMS BASED ON ANALYSIS LACKING DATA 
BASE SUPPORT 

••• FLAP HINGE 

•• ITEMS WHICH CONTRIBUTE SIGNIFICANTLY TO VULNERABLE 
AREA WITH INSUFFICIENT DATA 

••• WING LEADING EDGE, OBIGGS BOTILE, ESCAPE 
ACCUMULATOR 

•• BASIC MATERIAL BALLISTIC DATA BASE INADEQUATE 

••• UPPER WING SKIN 



VULNERABILITY DESIGN 
REQUIREMENTS 



SYSTEM PROTECTION 
REQUIREMENTS 

DESIGN FOR HIGHEST PRACTICAL LEVEL OF PROTECTION AGAINST 
12.7 API 

... 

VERIFICATION 

- USE JTCG I AS APPROVED METHODOLOGY AND 
ASSUMPTIONS 

- ANALYSIS COMPLETE EXCEPT FOR FLAP TANDEM 
CONTROL VALVE AND HEI STRUCTURAL ASSESSMENT­
SCHEDULED COMPLETION NOV 92 

- RESULTS TO DATE REVIEWED AND APPROVED BY SPO 
ENGINEERING, ASD SYSTEMS ANALYSIS, AND FLIGHT 
DYNAMICS LABORATORY 



PROPULSION SYSTEM 
REQUIREMENTS 

~tJJ 
• SEPARATE FEED LINES AND CONTROLS· EACH ENGINE :; ~ 
• SINGLE HIT DAMAGE TO MOUNTING WILL NOT CAUSE LOSS OF 

AIRCRAFT CONTROL 

• ENGINE BLADE CONTAINMENT TO MEET FAA CERTIFICATION 
REQUIREMENTS 

• CRITICAL ENGINE CONTROL COMPONENTS SEPARATED 

VERIFICATION 

• ANALYSIS· SPO REVIEW VERIFIED THAT SINGLE HIT WILL NOT RESULT 
IN LOSS OF AIRCRAFT CONTROL 

• TEST- ENGINE FAA CERTIFIED IN 1983 



FUEL SYSTEM 
REQUIREMENTS 

• NO SINGLE HIT SHALL CAUSE STARVATION OF MORE THAN ONE 
ENGINE 

• FUEL MANAGEMENT CONTROLS TO PREVENT FEEDING DAMAGED 
TANKS 

• FULL-TIME AUTOMATIC FUEL TANK AND VENT LINE INERTING 
•• MAINTAIN OXYGEN CONTENT BELOW 9%; FUEL TANK FIRE AND 

EXPLOSIONS CAN BE PREVENTED FOR THREATS UP TO 23 mm 
HEI, BASED ON ANALYSIS AND PREVIOUS TEST DATA 
(REFERENCE AFWAL-TR-87-2024, FIGHTER AIRCRAFT OBIGGS 
STUDY DATED JUN 87) I)D ~ -t....L . 

Z3{ f.,MM --r-<:.;1--> .d\-?- -.;;~vU.J} "'i~~~ 
.y -;/..,<)..,~ 

VERIFICATION cpJ'P 
1\~~,e C:~l\ 

'J" DB I Cli ') 

• GROUND TESTS INvSIMULATOR- IN PROGRESS, COMPLETION DATE 
- DEC 92 e-.5<'·~ "'-·h0r iv-. _, o._ c-Je.J- kef- '1'1> o"'& _._,;v) +.JJJ s.= J LiS 

• FLIGHT TESTS TO VERIFY SYSTEM OPERATION - COMPLETION DATE 
-MAY93 ~ 

• OBIGGS BOTTLES TESTED AGAINSt .50 CAL ROUNDS IN 
DEVELOPMENT TEST, REDESIGNED PASSED TEST- MAR 91 



FUEL MANAGEMENT 
SYSTEMS 

ENGINE NO. 2 

ENGINE NO. 1 

-----.._ 

AERIAL REFUELING 
HANIFOLO 

FNGINE NO. 3 

14 15 

ENGINE NO. 4 

I 

DRY 
BAY 

INBOARD_.....__ 
TANK NO. 3 

OUTBOARD TANK NO. 4 

VALVE NO. FUNCTION VALVE NO. n:NCTION 

1 TANK NO. 1 FILL B TANK Na. 3 FILL 
2 TANK NO. 1 CROSS-FEED 9 TANK ~0. 3 CROSS-FEED 
3 TANK NO. 2 CROSS-FEED 10 TANK NO. 4 CROSS-FEED 
4 TANK NO. 2 FILL 11 TANK NO. 4 FILL 
5 LEFT WINGAR ISOLATION 12 LEFT WING DUHP 
6 RIGHT WING AR ISOLATION 13 RIGHT WING DUHP 
7 CENTER SEPARATION 14 GROUND REFUEL ISOLATION 

)!i GROUND REFUEL ISOLATION 



HYDRAULIC SYSTEM 
REQUIREMENTS 

• NO SINGLE HIT OF FLIGHT CRITICAL COMPONENTS WILL CAUSE 
FL VING QUALITIES TO DEGRADE BELOW LEVEL Ill 

• ACCUMULATORS WILL NOT FRAGMENT WHEN HIT BY DESIGN THREAT 

. VERIFICATION 

• INSPECTION - SPO VERIFIED EXISTING COMPONENTS PREVIOUSL V 
PASSED GUN FIRE TEST d- 12.1 """" 1o.~& ( ~e. r-R·fi(-J) w/ -r ... ~w.·'J .Se>c..f 

• ANAL VSIS • SPO REVIEWED FAILURE MODE AND FL VING QUALITIES 
ANAL VSES AND CONCURRED THAT REQUIREMENT IS BEING MET 

• TEST· SPO VERIFIED THAT NEW ESCAPE SYSTEM ACCUMULATOR 
PASSED ITS TEST ON 2 FEB 92 L 

t..., .... kJ;'J .s;; ~ 



FOUR-SYSTEM REDUNDANCY 

HYDRAULIC SYSTEM 4 

HYDRAULIC SYSTEM 3 

HYDRAULIC SYSTEM 2 
HYDRAULIC SYSTEM 1 



OXYGEN SYSTEM 
REQUIREMENTS 

• ISOLATE CONTAINERS FROM EACH OTHER AND FLAMMABLE FLUIDS 

• DESIGN CONTAINERS TO PREVENT SHATIERING PER MIL-C-25666 

ANALYSIS 

TEST 

VERIFICATION 
- SPO REVIEW FOUND ONE TROOP CONTAINER IN 

HAZARDOUS LOCATION; CONTAINER RELOCATED· 
FROM WHEEL WELL POD TO LEFT SIDE OF AIRCRAFT 
NOSE 

- CONTAINERS PREVIOUSLY GUNFIRE TESTED WITH .50 
CAL ROUNDS FOR OTHER PROGRAMS 

EXISTING HEAT 
EXCHANGERS 
STA 560.00-600.00 

...._, 
N~LOCA110N75urrER 
LOX SUPPLY BOTTLE 

./ 



CREW PROTECTION 
REQUIREMENTS 

• SPACE PROVISIONS PERSONNEL ARMOR IN FLIGHT DECK AND 
LOADMASTER STATION 

VERIFICATION 

• SPACE AND STRENGTH PROVISIONS BASED ON DAC PRELIMINARY 
DESIGN - SPO REVIEWED AND APPROVED 

• ARMOR CLIP DESIGN TESTED WITH ARMOR; CLIPS ABSORB 
12~teNtFICANTfBALLISTIC IMPACT- TEST COMPLETED NOV 88 

\~ ,\ rA-Il 

I I 



CREW BALLISTIC 
PROTECTION PROVISIONS 

ARMORED SEATS 

.FWD 

FLOOR ARMOR 

-E'" (-1+' Ur(#J 

PLAN VIEW 

SPACE PROVISIONS 

INBD SIDE 
ARMOR 

FLOOR 
ARMOR 

ARMORED SEATS 

I· •. : ·- t 

,. 

INBD SIDE ARMOR 

SIDE VIEW 



FLIGHT CONTROL 
SYSTEM REQUIREMENTS 

Lb<dr~.t 
M• ·.v Fc.5 

'c..-.re.h 

ESSENTIAL AND FLIGHT PHASE ESSENTIAL FLIGHT CONTROL SYSTEMS 
WILL NOT GO BELOW OPERATIONAL STATE Ill GIVEN A SINGLE HIT 

'==~=-=:"'~~=~-' 
t~~~ ·~ ~·' cr.t;{.7 

VERIFICATION 

ANALYSIS OF FAILURE MODES· COMPLETE EXCEPT FOR FLAP TANDEM 
CONTROL VALVE. DAC SCHEDULE 
17 APR 92. SPO REVIEW IN 30 DAYS 
AFTER RECEIPT. 



AIRFRAME & CONTROL 
SURFACE REQUIREMENT 

• FLIGHT ESSENTIAL COMPONENTS SHALL SUPPORT LIMIT LOADS 
AFTER SINGLE HIT ~ rJot- Jer4!--'+- ~ si~-c_ k --t-~~ 

• COMPLETE LOSS OF CONTROL SURFACES OR PARTIAL 
SEPARATION DUE TO A SINGLE HIT WILL NOT CAUSE A 
CATASTROPHIC LOSS 

VERIFICATION 

ANALYSIS • PRELIMINARY ANALYSIS REVIEWED BY SPO AND WAS 
FOUND SATISFACTORY; 23 HEI ANALYSIS CURRENT~N 
WORK AT DAC ·RESULTS AVAILABLE NOV 92 ~ c

1
,te-'1" 

L P J)A.c_~, 

TEST • NEW UPPER WING SKIN MATERIAL TESTED AGAINST 
12.7 mm API ROUNDS TO DETERMINE RESPONSE; 
MATERIAL PROVED ADEQUATE ·1989 

• FLAP HINGE GUNFIRE TESTED FOB DAMAGE 
TOLERANCE; LOADCARRYING CAPABILITY OF ONE LUG 
REDUCED; ANALYSIS INDICATES OTHER LUG 
SUFFICIENT TO CARRY LOAD 



IC-17 FLAP & VANEI 

MAIN BOX 

SlFPCfH rtG. 

CIM'OSITE lE. 
VAl£ 

TEST ARTIClE 

FLAP HINGE 



ELECTRICAL POWER 
SYSTEM REQUIREMENTS 

• PREVENT COMPLETE ELECTRICAL FAILURE FROM A SINGLE HIT 

• PROVIDE REDUNDANT OR BACKUP SYSTEMS FOR SUBSYSTEM 
OPERATION 

• NO SINGLE GUNFIRE ELECTRICAL FAILURE WILL CAUSE LOSS OF 
FLIGHT ESSENTIAL EQUIPMENT 

VERIFICATION 

• ANALYSIS- SPO VERIFIED ANALYSIS THAT SHOWED NO SINGLE 
FAILURE RESULTS IN LOSS OF COMPLETE SYSTEM 



AIR VEHICLE FIRE 
. PROTECTION REQUIREMENTS 

• FIRE DETECTION AND EXTINGUISHING SYSTEMS FOR ENGINES AND 
APU 

• FLAMMABLE FLUID SHUT-OFF VALVES 
• OVERHEAT DETECTION SYSTEM FOR PYLON, WING LEADING EDGE, 

AND FUSELAGE 
• HANDHELD FIRE EXTINGUISHERS 
• CARGO COMPARTMENT SMOKE DETECTORS 

VERIFICATION 

• INSPECTION OF DRAWINGS- SPO VERIFIED EXISTENCE OF 
EQUIPMENT 

• ANALYSIS- SPO VERIFIED THAT OVERHEAT SOURCES CORRECTLY 
IDENTIFIED 

• DEMONSTRATION- GROUND DEMO SATISFACTORILY COMPLETED; 
FLIGHT DEMO WILL BE COMPLETED BY MAY 93 

• TEST- SMOKE DETECTION AND AGENT CONCENTRATION TO BE 
COMPLETED BY MAY 93 



C-17 CONVENTIONAL 
HARDENING DESIGN FEATURES 

ALLOCATED REQUIREMENTS 
AIRCRAFT I FIRE/ 
SUBSYSTEM REDUNDANCY SEPARATION ISOLATION SHIELDING EXPLOSION 

SUPPRESSION 

FUEL SYSTEM X X X X 

CREW X X X X X 

SYSTEM 

FLIGHT X X 

CONTROLS 

PROPULSION X X X X 

HYDRAULICS X X X X 

ELECTRICAL X X X X 

STRUCTURE X X 



C-17 NON-NUCLEAR 
'511'l'~ 

·~ HARDENING DESIGN FEATURES 

DESIGN GUIDELINE 
AIRCRAFI' 
SUBSYSTEM REDUNDANCY SEPARATION ISOLATION SHIELDING EXPLOSION 

SUPPRESSION 
4 TANKS, 1 TANKS, PUMPS FUEL FLOW ULLAGE 
ENGINE FEED CONTROL INERTING, 

FUEL PUMPS PER PROVISIONS 

SYSTEM TANK, SUCTION FOR SELF· 
FEED SEALING LINES 
CAPABILITY 
1 OXYGEN OXYGEN TANKS OXYGEN PROVISIONS OXYGEN 

·CREW TANKS SYSTEM FOR CREW SYSTEM 
SYSTEM CONTROLS ARMOR COMPONENT 

LOCATION AND 
LINE ROUTING 

4 CHANNEL WIRE AND 
FLIGHT FLY·BY-WIRE + HYDRAULIC 

CONTROLS MANUAL LINE ROUTING 
BACKUP 
4 ENGINES ENGINES BLADE FUEL SHUTOFF, 

WIDELY CONTAINMENT FIRE WALL, 
PROPULSION SPACED, NACELLE FIRE 

INDEPENDENT EXTINGUISHER 
FUEL SUPPLIES 

4 INDEPENDENT COMPONENTS DEPRESSURIZED MIL·H-13111 
HYDRAULICS SYSTEMS, AIR WIDELY SPACED WHEN NOT IN FLUID (FIRE 

DRIVEN BACKUP USE RESISTANTl 
4 GENERATORS, GENERATORS, ELECTRICAL WIRE ROUTED 
BATTERY WIRE ROUTING SYSTEM AWAY FROM 
POWERED CONTROLS FUEL, OXYGEN, 

ELECTRICAL EMERGENCY A HYDRAULIC 
BACKUP, 1 LINES; KAPTON 
POWER USAGE 
CONTROL RESTRICTED. 
CENTERS 

I STKUt.:TUKt; MULTIPLE LOAD CRACK 
PATHS STOPPERS 



BALLISTIC TEST 
SUMMARY 

• PURPOSE OF TESTING: FILL VOIDS IN DATA BASE 

PENETRATION 

ITEMS COMPONENT Pk AND FIRE 

tyilv 14~1.1Jl'MI!:NT 
SHIELDING 

TEST 

FLAP HINGE X 

ARMOR CLIP X 

OBIGGS BOTTLE X 

~~~~~K WING X 

1 ~~'tJ~u'LA'if~: X 

~~~:~~~~~K 
(DEV)* 

~~~~ a~)INli X 

LFT PLANNED 

• MEASUREMENT OF OXYGEN LEVEL USING GROUND AND FLIGHT TESTS 

FIRE/ 

EXPLOSION 

SUPPRESSION 

X 



VULNERABILITY ASSESSMENT 



I METHODOLOGY I 
THREAT DEFINITION 

FAILURE MODES & EFFECTS 
FMECA 

DAMAGE MODES & EFFECTS 
DMEA 

GEOMETRIC DESCRIPTION 
& MATERIALS/CONSTRUCTION 

TARGET MODELS & 
SHOTLINE ANAL VSIS 
FASTGEN 

PROBABILITY OF KILL CURVES (PK/H) 

VULNERABLE AREAS 

BALLISTIC ASSESSMENT 
COVART TERA-NMT 

". ,.----1.-----. 
VULNERABILITY 

~ 

··: REDUCTION 
CANDIDATES 

l 



I METHODOLOGY I 

• API AND FRAGMENT ANALYSIS 

•• FASTGEN 3 I COVART II 

•• 26 VIEWS USING 3" GRID 

•• 2 MILLION SHOTLINES I THREAT I VELOCITY 

• HEI ANALYSIS 

•• TERMINAL EFFECTS RESEARCH AND ANALYSIS (TERA) 
SOFTWARE BY NEW MEXICO TECH 

•• 6 VIEWS USING 6 INCH GRID 

•• 36 MILLION SHOTLINES I THREAT I VELOCITY 



I THREAT DEFINITION I 
• DESIGN REQUIREMENT 

•• 12.7 mm API 
• ANALYSIS REQUIREMENT 

•• PROJECTILES 
EVALUATE- 7.62 mm,12.7 mm, 14.5 mm, AND 23 mm API 
VELOCITIES - 500 - 3500 fps IN 500 fps INCREMENTS 

•• FRAGMENTS . 
EVALUATE- 45, 70, 105, 120, 240,480 GRAIN CUBES 
VELOCITIES -1000- 10,000 fps IN 1000 fps INCREMENTS 

•• AAA (CONTACT FUSED) 
EVALUATE- 23mm HEIT AND 57MM HE-T 
VELOCITIES - 2200 fps 

•• SAMs 
EVALUATE- SA-7 (CONTACT FUSED) 
VELOCITY - 1800 fps 
EVALUATE - SA-6 ENDGAME (PROXIMITY FUSED) 
VELOCITY- 1100- 2200 fps IN 100 fps INCREMENTS 



\SHOT LINE GENERATIONI 

• GRID SUPERIMPOSED ON 
GEOMETRIC DESCRIPTION 

• SHOT LINE RANDOMLY 
LOCATED WITHIN EACH CELL 

• PREPARES AN ITEM-BY-ITEM 
LIST FOR EACH SHOT LINE 
OF: 

•• COMPONENTS ENCOUNTERED 

•• OBLIQUITY ANGLES 

•• THICKNESSES 

•• LOCATIONS ALONG SHOTLINE 

LOCATION OF SHOTLINES 



Probability of Kill 
Given a Hit (PKJH) 

l· Kill Mechanism I 
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C-17 CONVENTIONAL 
THREAT EFFECTS 

KILL MECHANISMS 
AIRCRAFr 
SUBSYSTEM HYDRAULIC 

RAM 

FUEL SYSTEM X I 

CREW 

SYSTEM 

FLIGHT 

CONTROLS 

PROPULSION 

HYDRAULICS 

ELECTRICAL 

STRUCTURE 

I.a. MASSIVE WING BOX STRUCTURE 
l.b. FUEL ONLY IN WING STRUCTURE 

FIRE 

X 3, 4 

X 2 

X 2 

I.e. ENGINEERING JUDGMENT- NOT AIRCRAFr KILLER 

l.llSS Ul'' 
SUBSYSTEM 
FUNCTION 

X 2 

X 2 

X 2 

X 2 

X 2 

X 2 

X lc 

2. SUBSYSTEM IS REDUNDANT, SEPARATED, AND ISOLATED 
3. LIMITED PROTECTION (FIRE SUPPRESSION SYSTEM, LOADMASTER) 
4. NITROGEN INERTING - OBIGGS 
5. BLADE CONTAINMENT- FAA CERTIFIED 

EXPLOSION 

X 4 

ENGINE 
BLADE 

CONTAINMENT 

X 2 

X 2 

X 2,s 

X 2 

X 2 



ANALYSIS IMPACTS 
ON DESIGN 

• RELOCATING PYLON HYDRAULICS LINES 

•• LOSS OF THREE SYSTEMS BY SINGLE SHOT RESULTED IN ONE 
LINE BEING ROUTED DIRECTLY THROUGH FUEL TANK RATHER 
THANALONGFRONTSPAR 

• RELOCATION OF FLIGHT CONTROL COMPUTER AND INERTIAL 
REFERENCE UNITS 

•• INCREASED SEPARATION BY 30 INCHES LATERALLY AND 15 
INCHES LONGITUDINALLY 

• PRIMARY AND BACKUP ENGINE CONTROL WIRING SEPARATED 

• POTENTIAL FLAP HINGE VULNERABILITY IDENTIFIED 

• POTENTIAL FLAP TANDEM CONTROL VALVE VULNERABILITY 
IDENTIFIED 

• KAPTON WIRING ELIMINATED FROM LEADING EDGE 



POTENTIAL SURVIVABILITY 

ENHANCEMENTS AND STUDIES 



LEADING EDGE 
FIRE PROTECTION 

WEIGHT (INSTALLED) +225 LBS 

MMH/FH +.00055 

COST -$10 MILLION 

PYLON PYLON 

- •• - I // 



SURVIVABILITY 
ENHANCEMENTS 

CREW, TROOPS, AND CARGO 

(12.7 mm API) 

OBJECTIVE 

PROTECT PILOT, CO-PILOT AND 
LOADMASTER POSITIONS 

PROTECT CARGO COMPARTMENT 
(ALLOWS FOR 30 DEGREE BANK 
DURING APPROACH) 

PROTECT LEADING EDGE DRY BAY 

IMPACT 

1738 LBS- WARTIME ONLY 

12,348 LBS (7 LBS I SQ FT) 
PERMANENT 

ARMOR MATERIAL FOR 
BOTH IS AL203 I 52 
FIBERGLASS OR 
EQUIVALENT 

225 LBS - HALON BOTTLES 
AND SENSORS 

, .. 



SURVIVABILITY 
ENHANCEMENTS 

CREW, TROOPS, AND CARGO 

(23 mm API) 

OBJECTIVE 

PROTECT PILOT, CO-PILOT, AND 
LOADMASTER POSITIONS 

PROTECT TROOPS & CARGO 
(ALLOWS FOR 30 DEGREE BANK 
DURING APPROACH) 

PROTECT LEADING EDGE DRY BAY 

IMPACT 

5314 LBS (21 LBS I SQ FT) 

37,044 LBS (21 LBS I SQ FT) 

MATERIAL FOR BOTH IS 
1" THICK TITANIUM 

225 LBS - HALON BOTTLES 
AND SENSORS 



S/V ANAL VSI~) 
ALTERNATIVES 

• 26 VVA WITH OTHER THREATS (30 mm HEI/ API, SA-14) 
•• USE HEIVAM AND MISSILE FLY-OUT MODELS 
•• PERFORM SENSITIVITY ANALYSIS I TRADE STUDIES 

••• LIFE CYCLE COST FOR PERCENTAGE (20, 50, 80) REDUCTION 
OF VULNERABLE AREA 

••• TEST AS REQUIRED 
•• VALIDATE DESIGN FIXES WITH ITERATIONS OF 26 VVA MODEL 
•• 31/2-YEAR EFFORT;- 40,000 MANHOURS 

-OR-
• USE CURRENT VULNERABILITY ANALYSIS TO IDENTIFY 

VULNERABLE AREAS TO HIGHER ORDER (23 mm & ABOVE) 
THREATS 
•• ASSUME VULNERABILITY TO 23 mm & 30 mm - SCALEABLE 
•• ASSUME SA-7 & SA14 HAVE THE SAME CAPABILITY 
•• PERFORM SIMILAR SENSITIVITY ANALYSIS 
•• NO COMPUTER MODELING REQUIRED 
•• 2-YEAR EFFORT; ~AN HOURS 

'5;000 



OTHER S/V ANAL VSES 
(NOT CURRENTL V REQUIRED) 

• IDENTIFIED AS CANDIDATES THROUGH PREVIOUS LFT DISCUSSIONS 

•• PARKED AIRCRAFT VULNERABILITY 

••• 1 YEAR; .... 3000 MANHOURS 

•• VULNERABILITY DUE TO CARGO 

••• 6 MONTHS; .... 2000 MANHOURS 

•• PASSENGER VULNERABILITY 

••• PARALLEL EFFORT WITH CARGO STUDY 

••• 6 MONTHS; .... 1000 MAN HOURS 

•• ENGINE DISC FAILURE (OTHER THAN HYDRAULIC) 

••• 6 MONTHS; - 1000 MAN HOURS 
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OVERVIEW OF LFT&E FOR AIRCRAFT 

19 MARCH 1992 

PRESENTED BY: 

James F. O'Bryon, Director, Live Fire Testing 
Albert Rainis 
Dale Atkinson 
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JLF VERSUS LFT&E 

JOINT LIVE FIRE 

• CHARTERED FY 84 

• MULTI-SERVICE MANAGEMENT 

• OSD FUNDED 

~ • FIELDED SYSTEMS 

• LETHALITY & VULNERABILITY 

• LAND AND AIR SYSTEMS 

• TEST EVENT 

• OVERSIGHT FROM OSD 

LT/3/11/92-5 

LIVE FIRE TESTING 

• LEGISLATED FY 87 

• PRIMARILY INDIVIDUAL SERVICE 

• SERVICE FUNDED 

• DEVELOPMENTAL SYSTEMS 

• LETHALITY & VULNERABILITY 

• LAND, AIR & SEA SYSTEMS 

• ACQUISITION MILESTONE 
RELATED 

• OVERSIGHT FROM OSD 

• lit11~e /i!-6()tf?CA-Tld,)JS-( tltll r /Jz;r;;nr !lr-Fccr 

Vtt L t1ffflAr1 11-t~ ) 
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OBJECTIVES OF JLF 

• GATHER EMPIRICAL DATA ON THE VULNERABILITY OF U.S. 
SYSTEMS TO FOREIGN WEAPONS AND THE LETHALITY OF U.S. 
WEAPONS AGAINST FOREIGN TARGETS 

• PROVIDE INSIGHT INTO DESIGN CHANGES NEGESSARY TO 
REDUCE VULNERABILITIES AND IMPROVE LETHALITIES OF U.S. 
WEAPONS 

• ENHANCE THE DATA BASE AVAILABLE FOR BATTLE DAMAGE 
ASSESSMENT AND REPAIR 

• VALIDATE CURRENT VULNERABILITY AND LETHALITY 
METHODOLOGIES 

LT/3/11/92·14 
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LT/3/11/92·2 

OBJECTIVES OF LFT&E 

ENSURE THAT KNOWLEDGE OF CREW CASUAL TIES AND 
SYSTEM VULNERABILITIES* 

• IS BASED ON TESTING UNDER REALISTIC· 
COMBAT CONDITIONS 

• SUPPORTS DECISION MAKERS (IS TIMELY) 

• OCCURS SUFFICIENTLY EARLY TO IMPACT 
DESIGN 

*Lethality, for munitions programs. 
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REQUIREMENTS 
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LIVE FIRE LEGISLATION 

• REQUIREMENT FOR LFT 

- Realistic survivability/lethality testing (LFr) 

- Full-up, combat configured 

- Realistic threat ("likely to be encountered In combat"} 

- Emphasis on crew casualties 

- Early enough to correct design 

-- Deficiencies Identified In LFT 

- Encourages early testing 

- Reported by SECDEF to Congress before full 
production 
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LIVE FIRE LEGISLATION {CONT'D) 

• PROVISION FOR WAIVER 

- From all provisions 

- By President 

-- In time of war 

- From full-up LFT 

- By MS II 

-- By SECDEF 

-- If unreasonably expensive and impractical 

- Accompanied by alternative assessment plan 

LT/9/25/91·8 



SELECTED L~ &tE SYSTEMS 
ARMY AIR FORCE NAVY 

Aircraft Aircraft Aircraft 

AH-640 LONGBOW APACHE AC-130 AV-8B 
Armed OH-580 (AHIP) C-17A AX Attack Aircraft 
MH47-E F-16 (CAS/BAI) F/A-18 Elf 
MH6D-K F-22 V-22 
RAH-66 COMANCHE 

Other Lfi&E Other Lfi&E Other LE!&E 

AGS AMRAAM AAAM 
ASM SFW AAAV (Adv Amph Assault) 
ASM (AFAS) Advanced Bomb Family 
ASM (BLOCK Ill Tank) AIWS 
ASM(CMV) DDG-51 
ASM (FARV·A) HARM Blk Ill (AGM-88B) 
ASM (FIFV) LX Ampnlb AST Ship 
JAVELIN SSN-21 
LOSAT STD MSL-2 Blk 111/I!IA 
ATACMS TOMAHAWK TLAM-C Blk Ill 
BAT Torpedo MK-50 
DRAGON PIP 
FAADS LOS-F-H (ADATS) 
HELLFIRE (AGM-141A) 
M1 Tank Block 2 
M113 Spall Liner 
M109A3 155 MM (HIP) 
MLRS-TGW 
SAD ARM 
Wide Area Mine 
M830-E1 (120MM) 
M900-E1 (105 MM 
M919 (25 MM) 

LT/3117/92-1 
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SURVIVABILITY: IMPROVING THE ODDS 

Ps= 1. (PHIT) (PKILL/HIT) 

SUSCEPTIBILITY VULNERABILITY 

• AGILITY • DAMAGETOLERANCE 

• SIGNATURE REDUCTION • DAMAGE RESISTANCE 

• COUNTERMEASURES • BATTLE DAMAGE REPAIR 

• WARNING/DECEPTION • CREW PROTECTION 

• THREAT SUPPRESSION 

: i 

'I .. 
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SCOPE OF LFT&E THREAT CONSIDERATIONS 

SMALL ARMS 

FRAGMENTING PROJECTILES 

SHAPED CHARGES 

KINETIC ENERGY RODS 

SELF-FORGING FRAG 

HIGH EXPLOSIVES . 

LT/3117/92-2 

LASERS 

INCENDIARIES 

BLAST/FUEL AIR EXPLOSIVES 

CHARGED PARTICLE BEAMS 

HIGH POWERED MICROWAVES 

NUCLEAR 

THERMONUCLEAR 

CHEMICAL 

BIOLOGICAL 

. i 
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OPERATIONAL CONSIDERATIONS FOR LFT&E 

• TESTING 

- Threat weapons "likely to be encountered In combat" 

- Shot selection from realistic combat distribution 

• EVALUATION: IN CONTEXT OF 

- Operational effects of damage 

- Susceptibilities established through OT&E 

- Tactical doctrine 

- Historical evidence 

- ,(!i·r t1 •• ks16t1J Tlr'itaJ7'' 
• .:W.sr £J~ irl ;nG StJh?. 

" ... taking into equal consideration the susceptibility to attack and combat 
performance of the system" 
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LIVE FIRE TESTING- NOT JUST AN EVENT 

SUB­
SYSTEMS 

TIME -----1~ 

FULL-UP 

PROTOTYPES 

LIVE 
FIRE 
TESTING 
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WHAT DISTINGUISHES AN LFT FROM OTHER 
VULNERABILITY TESTS? 

FULL-UP LFT 

• FULL-UP TEST OF COMBAT CONFIGURED SYSTEM 

OTHER LIVE FIRE TESTS 

• LABELED AS LFT IN TEMP LFT&E STRATEGY 
(VS. SUPPORTING TEST) 

• BASED ON LFT&E ISSUES 

• OSD OVERSIGHT 

• TEST PLANS TO LFTO FOR REVIEW AND COMMENT 

• PRE-TEST PREDICTIONS 

l T/9/20/91·12 



WAIVER PROCESS- DISTINCT FROM NOMINATION 
PROCESS 

LT/3/11/92-3 

• NOMINATION PROCESS 

- Determines whether program meets legislative criteria 

- Does not address viability of full-up testing 

• WAIVER PROCESS 

- Based on viability of full-up testing 

- System not removed from nomination list 

- Within LFT&E, but Live Fire Testing would not culminate in 
full-up test 

- In compliance with the law, if Sec Def decision is by MS II (not a 
request for relief from the law) 



SOME MISCONCEPTIONS REGARDING LIVE FIRE 
TESTING 

• NOT A COMPUTER MODELING EXERCISE (BUT DOES CALIBRATE 
MODELS) 

• NOT A STATISTICAL EXERCISE (NOR IS MOST OTHER 
ACQUISITION-RELATED TESTING) 

• NOT THE SAME AS JOINT LIVE FIRE 

• NOT AN EXPERIMENT 

• NOT A PURE PASS/FAIL EXERCISE (FIRST ORDER INSIGHTS) 

• NOT ALL BAD NEWS (SOME GOOD NEWS) 

LT/3/11/92-7 



SOME MISCONCEPTIONS REGARDING LIVE FIRE 
TESTING {CONT'D) 

• NOT TESTING TO DESIGN (IT'S TESTING TO EXPECTED THREAT) 

• NOT WORST CASE TESTING (IT'S REALISTIC TESTING) 

• NOT JUST AN EVENT (IT'S A SERIES OF EVENTS) 

• NOT ONLY ASSESSMENT OF HARDWARE (ALSO CREW 
CASUAL TV ASSESSMENT) 

• NOT ASSESSMENT OF VULNERABILITY ONLY (ALSO LETHALITY) 

l T/3/11/92-8 



SOME MISCONCEPTIONS REGARDING LIVE FIRE 
TESTING (CONT'D) 

• NOT SAME AS BALLISTIC TESTING (OTHER CONVENTIONAL 
EFFECTS ALSO) 

• NOT TOTAL SURVIVABILITY TESTING (ONLY DAMAGE DUE TO A 
HIT) 

• NOT PURELY DEVELOPMENTAL TESTING 

• NOT PURELY OPERATIONAL TESTING 

• NOT ADVERSARIAL (INDEPENDENT) 

• NOT JUST TESTING (ALSO EVALUATION) 

• NOT BUSINESS AS USUAL (NEW CONGRESSIONAL/OSD 
REQUIREMENT) 

l T/3/11/92-9 



LFT&E PROGRAM IMPLEMENTATION 

L T/3/12192-2 



CRITERIA FOR EVALUATING AN LFT&E 
PROGRAM 

• THREAT BASED - SPECIFIC THREAT WEAPONS 

• TEST BASED - ASSESSMENT DIRECTLY RELATED TO TESTING 

• REALISTIC - COMPARED TO THE FULL-UP REQUIREMENT 

• SUPPORTS - ADDRESSES CRITICAL ISSUES 
ACQUISITION 
DECISION 

• DESIGN RELATED - IN TIME TO CORRECT ANY DESIGN FLAWS 

l T/9/20/91·12 
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LFT&E ISSUES FOR AIRCRAFT 

• OVERARCHING ISSUE- VULNERABILITY TO THREAT 

• SYSTEM SPECIFIC ISSUES 

- Satisfaction of relevant requirements 

- Crew casualties (e.g., safe ejection) 

- Comparison with existing system 

- Demonstrate effectiveness of vulnerability reduction design 
features 

- Vulnerabilities from stowed/carried munitions 

- Uncertainties concerning contribution to system vulnerability of 
subsystems/damage mechanisms/threats (e.g., DEW) 
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INFORMATION SOURCES FOR LFT&E 

COMBAT DATA 

MODELS & ANAL VSES 

Full-Up 
LFT 

PRIOR TESTS 

OTHER DT 
SOMEOT 



INTEGRATED TESl nOGRAM SCHEDULE 
(ILLUSTRATIVE EXAMPLE) 

I FY 1 I FY 2 FY l FY 4 I· FY s FY6 FY 7 FY 8 FY 9 I FY 10 I FY 11 I FY 12 

•1 I 1 UEM·V(\Lrhase • • I : I : I : 
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Formal 
Solldla11on 
Release 

,:1 !I II ASR I 
~ 1 APPROVt ~t I l l 
OEM·VAL ENGn & LltiP LniP 
; MFOR Ldng 
l P~R 1

1 
DE"J PDR j l~ad 

Contract Award I .C:.. 4- A I 6 "tp I· .C:.. 
or Event DEM·VAL CDR I 2:NGR & CDR 1 

Do liveries 

DT&E 

tn&E 

MFGR I II 
llEV I 

Q Pro,otype I 
0 I I 

~arly I I 

I 

LRIP 
long 
Lead 

A 
LRIP 

OT&E 0 Pperatlone,l 
:-'\uoument 

I 
I 

I lD 
MRTF8 
Roimbursable 

ROT&E 

Procuremonl 

TOTAL 

I FY 1 I FY2 FY3 FY4 

Source: DoD 5000.2-M, February 1991 
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LFT&E CONCERN~ IN SUPPORT OF 
MILESTONE DECISIONS 

MILESTONE DECISION LFT&E CONCERNS PRIOR TO DECISION 

• FIRST SERVICE STRATEGY 
• LFT&E ISSUES 
• IDENTIFY SUPPORTING DATA 

I OEM-VAL 

• COMMITMENT TO FULL-UP TESTING/ 
REQUEST FOR WAIVER 

• DEFINITION OF EXIT CRITERIA 
• PLAN FOR EARLY TESTING 

II ENGR/MFGR DEV 

• CONDUCT OF PROGRAM 
• EMERGING ISSUES 

LRIP 

• INDEPENDENT ASSESSMENT 

Ill PROD 



PRODUCTS OF THE LIVE FIRE TEST OFFICE 

PRODUCT THROUGH RECIPIENT· 

TEMP* comments and recommendation DDDRE(T&E) Service/DDDRE(T&E) 
for approval 

Detailed Test Plan* comments DDDRE(T&E) Service 

Blue Book input DDDRE(T&E) CSC,DAB 

Independent Assessment Report USD(A)/SECDEF Congress D r, •· · Iii '~ ... \:•, \ll' :. ... : 

*Initiated by Service. 

LA E/6128191-4 
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POSSIBLE SOURCES OF TEST ARTICLES FOR 
AIRCRAFT LFT&E 

• PRODUCTION AIRCRAFT/SECTIONS 

• FATIGUE TEST ARTICLES 

• STATIC TEST ARTICLES 

• PROTOTYPES 

• SURROGATES 
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LIVE FIRE TEST ACQUISITION PROCESS 
CONCERNS 

• LACK OF UNDERSTANDING BY SERVICE PROPONENTS OF 
TOTAL IMPACT/BENEFIT OF LFT ON AIRCRAFT 

• NEED TO RAMP UP TOMS Ill THROUGH INTERIM LFT EXIT .J.,.-tiv._-,c;f\tP '-v'L.--Il·c 
~'. 7 CRITERIA (E.G., COMANCHE) Lfr ~ "'"' 

• DEDICATION OF AIRCRAFT ASSETS AND BUDGET IN T&E 
STRATEGY TO SUPPORT LFT&E 

L T/3/11/92·1 0 



KEYS TO CONDUCTING EFFECTIVE LIVE FIRE 
TESTING OF AIRCRAFT 

• UNDERSTAND LEGISLATIVE AND OSD TEST REQUIREMENTS 

• ASSURE THAT ADEQUATE TEST RESOURCES ARE IDENTIFIED 
.EARLY 

• IDENTIFY CRITICAL LIVE FIRE TESTING ISSUES EARLY 

• MATCH TESTS TO CRITICAL ISSUES 

• INTEGRATE LFT&E INTO OVERALL TESTING STRATEGY (TEMP) 

• GAIN ACCESS TO AND EVALUATE ALL RELEVANT COMBAT DATA 
ON SIMILAR SYSTEMS 

• MAINTAIN CONSISTENCY BETWEEN OPERATIONAL 
REQUIREMENTS AND LIVE FIRE TESTING CRITERIA 

• ASSURE THAT TESTS EMPLOY REALISTIC FUTURE THREAT (IOC 
AND DURING ANTICIPATED FIELDING OF SYSTEM) 

• USE MOST UP-TO-DATE VULNERABILITY MODEL TO MAKE 
PRESHOT DAMAGE PREDICTIONS 

• BALANCE TESTING AND EVALUATION 

ll/3/11/92-11 
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FULL-UP TESTING 

• CULMINATION OF EARLY LFT, SUPPORTING TESTS 

• WHAT THE LAW CALLS FOR 

- Complete system 

- Combat configured 

- Emphasis on user casualties 

- Operational considerations 

• NON-INTUITIVE EFFECTS 

- Synergisms/cascading damage 

LT/3/11/92·1 



COMBAT CONFIGURED 

• ALL DANGEROUS MATERIALS THAT WOULD NORMALLY 
BEON BOARD 

• FLAMMABLES (E.G., FUEL, HYDRAULIC FLUID) 

• · EXPLOSIVES (E.G., STOWED MUNITIONS) 

• REQUIRED FOR FULL-UP LFT 

LT/3/11/92-16 
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CASCADING DAMAGE 

• HAS SIGNIFICANT EFFECT ON AIRCRAFT VULNERABILITY 

• DAMAGE IS NOT ALONG SHOTLINE 

• DAMAGED COMPONENT BECOMES ITSELF A SOURCE OF 
DAMAGE TO ANOTHER COMPONENT (E.G., HYDRAULIC RAM, 
FUEL INGESTION KILLS). 

• "CREATES" ANOTHER CRITICAL COMPONENT 

• DAMAGE MAY OR MAY NOT BE SEVERE ENOUGH TO CAUSE 
LOSS OF AIRCRAFT 

LT/3/11/92-12 



. . 
.. 

OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, DC Z0301 
3 FEB 1991. 

MEMORANDUM FOR ASSISTANT pECRETARY OF THE AIR FORCE/ACQUISITION 

SUBJECT: C-17 Live Fire Test and Evaluation (LFT&E) 

.J.~C4:--
, 

Last year, we had several meetings with Air Force personnel 
responsible for the test and evaluation of the C-17, including 
the Live Fire Testing of this aircraft. During those meetings, 
we made clear our concerns and the need to address them before 
the end of December 1991 to minimize the probability that the 
acquisition schedule for the C-17 would be delayed. 

We have now entered 1992 and still have not reached closure. 
The process of closure on the C-17 LFT&E Strategy must be 
accelerated to arrive at a schedule to complete LFT&E before the 
Full-Rate Production decision. To do this, I need the following 
as soon as possible: 

• Realistic cost estimate of an LFT&E strategy reflecting 
the above issues, breaking out the cost of the test 
article(s) from the actual cost of test conduct. 

• Additional testing (and test approach) for munitions 
~~·L=.at Assessment Review (STAR) 

• Availability of potential test assets, such as portions 
of the static test article, that could be used for LFT&E. 

We appreciate the assistance that the Program Executive 
Officer and System Program Office (SPO) are providing gathering 
existing information. My staff estimates that our preliminary 
analyses will be completed around May because of the sheer volume 
of information recently delivered to us by the Air Force that 
must be processed. 

Unfortunately, our staff work alone will not result in a 
total resolution of the issues. It is going to require some 
concurrent efforts with the Air Force on several of the major 
issues. 



For example, our continuing assessment of the Air Force 
fabricated leading edge surrogate has raised more questions than 
it has answered. Demonstrating that the test article is 
equivalent to an actual C-17 wing in all respects -- even for 
testing only 12.7 mm -- may not be possible. Testing a 
production-representative test article, as part of a complete 
strategy will be needed to respond to concerns that I and my 
staff have expressed. 

I request your personal help and intervention on this 
matter. I want to re-examine the C-17 issues and schedule a date 
for an Air Force briefing to us. The briefing we are requesting 
is currently in preparation by your staff per earlier 
correspondence from this office (see Attachment). 

Attachment 

cc: DDDRE(TWP) 
DDDRE(T&E)/WSA 
AF/TE 
AF/PEO/TA 
AF/AQQ 

v~ 
Charles E. Adolph 
Deputy Director 
(Test and Evaluation) 



OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, DC Z0301 

Honorable Charles E. Bennett 
House of Representatives 
Washington, o. c. 20515 

Dear Congressman Bennett: 

2 7 JAN 1992 

This is in response to your iet~ar of January 2, 1992, to me 
.:egarding Live Fire Testing (LFTt of the C-17. 

As I previously reported to you, the C-17 will be subjected 
to vulnerability testing with oversight by my Live Fire Test 
Staff. However, fully loaded aircraft will not be tested as this· 
would be prohibitively expensive and the benefit would be small 
when weighed against the cost. Components and C-17 sections will 
be tested. The precise level of testing in terms of threat 
munitions and the size of the C-17 sections to be tested is still 
under review. We intend to conduct the analyses and component 
tests necessary. to provide us with the information we need to 
assess C-17 vulnerabilities. 

You have a copy of the Office of the General Counsel, Office 
of the Secretary of Defense, review of the issue. They have 
concluded that the C-17 is not sUbject to the requirements of 
section 2366. Section 2366 requires testing of the system 
configured for combat, not just components. Consequently, if 
section 2366 were applicable to the C-17, the Department would 
have to seek legislative relief because section 2366 permits a 
waiver only before a program enters full-scale engineering 
development. The C-17 program had already entered full-scale 
engineering development before section 2366 was enacted. Had a 
waiver been permissible, we would have waived the applicability 
of survivability tests of section 2366 because full-up live fire 
testing of complete, fully loaded C-17's would be unreasonably 
expensive and impractical. 

Sincerely, 

/)1} /J .~ 
~ c. ~r;-v'f(,~ 
Charles E. Adolph 
Deputy Director, 
Defense Research and Engineering 
(Test and Evaluation) 
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The Honorable Charles E. Adolph 
Director of Defense Research and Engineering 
Room 3El014 
The Pentagon 
Washington, D.C. 20301 

Dear Mr. Adolph: 

Wank you···tor-responding ro-my October 28 ~letter to Mr-:'---1----­
Yockey~ Under Secretary of Defense for Acquisitio'n, regarding ·c- 7 
live fire testing. I am pleased that you expect the C-17 to be 
subjected to live fire testing because the security of our men and 
women in uniform has been immeasurably enhanced by this testing 
program. 

However, your letter does not address the central issue raised 
in my original correspondence. That is, will the C-17 be subjected to 
live fire testing in accordance with section 2366 of U.S.C. 10. A 
memorandum by Mr. Gurden Drake, of the OSD General Counsel's 
Office, concluded that "the C-17 is not subject to the requirements of 
section 2366." As you know, I 'disagree with Mr. Drake's finding and 
presented in detail my objections in my original letter to Mr. Yockey. 

Your letter makes clear that a primary concern is whether it is 
prudent or cost effective to subject a full-up combat loaded C-17 
aircraft to live fire testing. The repo;rt language that accompanied 
the original legislation stipulated that the conferees intended that 
"realistic" vulnerability and lethality tests be conducted "first at the 
sub-scale level." 

Your letter, howe·ter, makes no commitment to test at the sub­
scale or full-scale level. It makes no mention of which components 
will be tested, how they will be configured, or what munitions will be 
used. In fact, it states that, "The C-17 will be subjected to live fire 
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testing to the extent prudent ... and [with] the expected benefit of the 
test weighed against the costs. The precise level of testing in tenns 
of threat munitions and the size of the C-17 sections to be tested are 
still under review." This description of the testing program is open 
to wide interpretation, but it implies to me that your office assumes 
that the C-17 is not considered a covered system under section 2366. 
I believe that this interpretation is wrong. 

Therefore, I ask that you provide me with a definitive answer 
to my original question -- does DoD consider the C-17 to be a covered 
system under the tenns of section 2366, U.S.C. 10. If the answer is 
no, then, under the law, the Secretary of Defense must certify to the 
Congress that live fire testing on the C-17 would be unreasonably 
expensive or impractical. He must then submit a report explaining 
how he plans to evalrrate the survivability of this t ircraft and assess 
possible alternatives to. the "realistic survivability testing" that is 
required under the statute. 

I look forward to your response . 

• 



WASHINGTON. CC Z0301-301 0 

Honorable Charles E. Bennett 
House of Representatives 
Washington, DC 20515 

Dear Congressman Bennett: 

1 3 ~ ov '9911 -

This is in response to your letter of October 28 to 
Mr. Yockey, Under Secretary of Defense for Acquisition, 
regarding C-17 survivability testing. The purpose of this 
letter is to clarify the status of live fire testing of the 
C-17. 

The C-17 will be subjected to live fire testing to the 
exte~t prudent based on the latest threat information and the 
expected benefit of the test weighed against the costs. It is 
not anticipated that a full-up combat loaded aircraft will be 
subjected to live fire testing. Components and C-17 sections 
will be tested. The precise level of testing in terms of threat 
munitions and the size of the C-17 sections to be tested are 
still under review. We intend to conduct the analyses and 
component tests necessary to provide us with the information we 
need to assess C-17 vulnerabilities. 

·.· . \. 
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October 28. 1991 ..... ~ -----

The Honorable Donald 1. Yockey 
Under Sec:etary of Defense for Acquisition 
Room 3El006 
The Pentagon 
Wa.!!hingtCD. D.C. 20301 

Dear Mr. Yockey: 

It has' zec=ndy come m my attcmion dw the Dep3r.ll1ent of 
Defense is:.ill dle precess of de=rmining whether the· C-17 aiicaCt is 
required to aadergo survivabilliy cemn~ ill acccrdanc: with sec:ian 
2:366 of U.S.C. 10. A memorandum by Mr. Garden £. Drake. of the 
OSD General· Cmmsel' s Office, cn•rHnes- ttie =se- against subjcc:fDg the 
C-17 ID _sw fivabiiity a=IDnl: in: ICC"!'irf'!c=~~~ section 23~ lil d1is 
memcmmdam, Mr. Drake ~onc:fmfes ttiat "liiS· mafysis -xe:zm to. the 
ccnclusion tbat the C-17 is nat subject tc tbe requiremems of section 
~66.ft . 

As a principal author o£ the original Erouse bill language on 
survivability. ledWity, and oper:uional resting and also as a primary 
negctiatcr with cflc s~na.te on the final language contained in section 
2366. I c:.in assum you that it was the intent of the Congr:ss that the 
C-17 be a covered system that is fully within the scope of section 
2:366 •. Therefore., I believe dw the C-17 is required to be mbjec::d 
to survivability testing as required in the statute. 

. Section 2366 stateS that. '"a. covered system may nat prccc:d 
beyond low-ate initial production until r=listic survivability testing 
of the system is completed... It then dciines the tenn '"covered 
system'" as •a. vehicle. we:tpon platfom;.. or conventional weapon 
system (A) that includes fe:uures designed to provide some 
protection to asers in combat: and (b) th:u is a m:1jor system ~tbin 
the. mc:urlng of that te."'m in section 2:302(5) of this tide.,. Based on 
the ·-st:ttutory language, I agree with Mr. Dr3.ke's contention that the 
C-!7 must meet thre: tests ro be considered as a candidate for 
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- . 
vehicle. weapou platform,. or couvend0Il31 wc=pan systc:m. Seam~ it 
must include features chat . are designed to provide some proteCtion 
to the users in c:cmba.t. Third. it must fall within the st:muory 
definition of a major system. ,. 

Mr. Drake's memorandum concedes dzc last of the thi= tests 
and states that me C-17 "is c:ieariy a major system." I agree with his 
conclusion. . . 

However, he disputes £bat the C-17 is either a vehicle, weapon 
platform, or convendoaal we:1pon system ami he also swes that the 
C-17 "does not have fanm:s designed to pEDceet die aser iD ccmb:u.'' 
Oa tbis Tarter paint. Mr. Dnr.ea nateS chat Afr Force officials =~ 
stated '"that the 'protedioa fearmes' em the C-17 arc: not unique to 
the c.:17 bm U'l: also c:cmmgn OD camm=cia1 airc:aft." 

I • 

I d1.spum 'beth of these cm~temicms. Pim, Mr. Drake finds that 
the C-17 is Dat a vemcie. To sappart Ilia case he cit= Wcbm:r's 
N"wh New CoDepare Dfc::inmny mel me sf:nb edition of Black's Law 
llic::iaDary. & ccmcmdes elm. -==· pmf'=xed asage [oi the term 
ven;cfeJ seems to be IDd ve"icf•- Er'Dwe•w,. ac:ccm:fing 10 a JGim 
CMefs of Staff pubJicaricm (Pub. t41). ~ w'rine is defined as •a self 
prcpen~ boosted, or mwed cmueyanre tar. cranspartiag a burden 
on land sea. or through the air ar spac:... This definil:fon makes 
c:Iear mac the amn "vehicle" is not limited tD hmd vebicies. In 
additicn, the Air Parcc designares its B-2 bambers as '"air vehic!=s". 

He further stat=· t!w. ~ is uo lanpage ill the tcpcrts 
ac:ompanying the legislation that iJJcHcates tbat the commiue:s 
considc'=d a cargo aircraf't co be a vehicic f'or the purposes of U.S. C. 
10 section 2366. Olven this •• .I c:cucluc!e tlw the C-l7 .• Js uot what 
the Ccngr=ss intended as a vebicfe within the me:miug of U.S.C. 10 
section 2366." As I have sweet carii=r. I believe that it was the 
intent and the sense of the Congress th:tt the C-17 be a covered 
system under the sc:cpc of secsi01l 2366. 

Secoad, canaary to Mr. Drake'.s UII:Z'Jian, the C-17 does incle:d 
have anique feamrc:s that arc designed to .. provide some degree of 
prctectian to ~ in ccmbaL'" The United Saues Air Force Reppn to 
tne 101st Conm:~s· for Fisc:U Yc:r 1991. sw= "The [C-171 defensive 
systems progr.un responds to the need for an integrated. common 
~hltc::ture defensive suite that provides protection for lirlift - . ~ . .. 



pi:u:es airlift a.ir'cn1it fn jeopardy even in a 
pe:s.c:mne e:vironmenr. During wartime, we would e:tpec: to 
opente in a mare thrc:1Icning environment.,. This testimony malres 
ciear that S11Cb defensive ••protection f'eaaac:" are needed to to ~lp 
ensure bam aircraft and crew survivability and would not cammculy 
be f'ound an commercial aircraft. 

Therefore, I believe that the C • 17 meers the three c:iteri:l 
n:qnlr=! fer a system to be r:onsidcr=d for survivability testing 
meier Sec:icD 2366. . 

In a final section of his memorandum, Mr • .Drake paints om that 
the C·17 fs not ~mred to mdergo mrvivability testirig ber.:au.se the 
defmiticm. of dle term "realistic survivability testing" c:onmined in 
section 2366 "'n:qlJires the Bring of munitions •u the system 
configmed tor combat' ••• it is our ande:rsunding that there are ao 
plans to =¢ig:m:e tbe C-17 far combat. Therefore, the testing 
rcq~t could aover be me= if cb C-17 were a 'c:ove.r=i 
system•.• 

I tfrin£ tbat Mr. Drake nriss•s d1= paint of sectiOD 2366 by 
se!ecdvely c:frinl· dle defimUon. a£ tbe term ~stic sarvivabilliy 
cesting... 'l'he fUll definitien reads ~~ rar vulnerabilhy or the 
sys=n in ccmbat by firing mnnirions Uke!y tc be encow:uered in 
combat (ar D111Diticms with a capability similar tc such "'llnitions) at 
the system configmed · f'or combat, witb the primary emphasis on 
testing the vulnerzbility with r=pec: to llSer =sualtic.s and taking 
into equal CCDSider.tticn the susceptibility to amc% and combat 
peri'onnmc: of dle synem. .. 

The ciear intent of tfJis language was to teSt tbe vulnerability of 
covered systems to munitions that would lildey be encountered in 
combat conditions. The production mode! C-17 is assumed to be 
configured for combat bec:tuse it is assumed thar it will encounter 
combat condit:ions. As Gener.U Ransford T. Johnso~ ONC:. US 
Transpomticn Command. told the Sen:ue Am:led Services Committee 
in Pebruary 1990, that -rhe :Urllftcr of tbe fumre will need to be · 
more flexible, able to operate in the austere environment of shan. 
semi-impzoved fields. delinring cargo direc:ly to the battle in .an 
inc:c:uing!y complex tbre:u environment. The C-17 is that mlifter." 

I hope that my commentS on tbe Congre::sicn:d intent of U.S.C. 
1n ~~"'"" .. -,'l;;~ ••. ~n L_ L._, ~ , •• -- • • .. 
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du: C-17 f'a.Ua W:itbin chc: szatulm)" language. auf d2at it mcc:ts all the 
criteria tbat are aecessary tor ft to be subj=:ed to survivability 
testing as required in sec:ian 2366. r would appzeciate being kept 
11p · to dale OD rile disposition of tbis issue. -



OF 

ci::FEI"~SE RESEARCH AND ENGINEERING 

WASHINGTON, CC 20301·3030 

October 22, 1991 

MEMORANDUM FOR ASSISTANT SECRETARY OF THE AIR FORCE (SAF/AQ) 

SUBJECT: C-17 Live Fire Test and Evaluation (LFT&E) Status 

The C-17 cargo aircraft has been a candidate for Live Fire 
Testing since it was first placed on the OSD oversight list in 
1987. 

Recent discussions between variouE:; OSD offices and the Air 
1-'orce have raised questions as to the applicability of the 
statutory requirements for LFT&E. OSD General Counsel has 
provided its opinion on this issue in its October 9, 1991 
memorandum. 

. .. :. .. 

.·,' 

The opi~ion rendered by OSD General Counsel is being 
reviewed along with other relevant information. However, no 
decision has yet been made by this office to remove the C-17 from 
the LFT&E oversight list. We will keep you informed on this 
issue. 

In the meantime, we are still in need of a briefing on the 
updated threat assessment of this program in light of the 
recently updated system Threat Assessment Report (STAR). 

cc: 
DDRE, Mr. Adolph 
PEO, TAP, MG Franklin 
TWP, Mr, Kendall 
LFT , Mr. o ' Bryon 

Richard R. Ledesma 
Acting Deputy Director 
(Test and Evaluation) 



Bcncrable Charles E. Bennett 
Bouse of Represantati vas 
Washington, DC 2051.5 

Dear ccnc;rasaman Bennett: 

I am writinq to yaU in reference ta t!le Live Pire Testinq 
leqislation (10 USC, Para 2362 ,. 2366) which you helps~ ta author 
a couple of years a;o. 

scme questions have recently arisen as to the sense of 
ccngrAss on the applicability cf the Air !":~:"t:a'a C-17 carqa 
aircraft to the statuatary reqniraments for Live Pire Testinq 
(LF'l') • 

OSD General Ccunsel. has recently pravi~e~ its opinion on the 
applicability of the atatuatary requirements ta the C-17 
aircraft. ':he opinion, which we still have un~er advisement, 
contains, in seyaral instances, references to the •sense of 
~nqrassn in writing and passinq the LFT legislation. 

Since my responsibilities as Diractar, Live Pire Teatinq 
incl~e the rac=maendation of LPT policy and to ensure that the 
law and the sensa of eonc;r-• are carri~ aut, J: voul~ 
appreciate your cmnm.m:a as to the sense of conc;resa on this 
matter, and in particular, with reference to the applicability of 
the leqislation to the c-17. Thank you. 

cc: 
DDDm:(T&E) 

Sincerely, 

James P. o•Bryon 
Director, Live Pire Teatinq 
Deputy Defense, Research ' Enqinearinq 
(Test and Evaluation) 

' . 



DEPARTMENT OF DEFENSE 
OFFICE OF GENERAL COUNSEL 

WASHINGTON. O.C. Z030 f-1600 
t-.:'·'" ~ ,~......, ;cj 1i 

October 9, 1991 

...... 
:=- '··-

MEMORANDUM FOR DEPUTY DIRECTOR DEFENSE RESEARCH AND ENGINEERING, 
TACTICAL WAfFARE PROGRAMS 

SUBJECT: Survivability Testing -- C-17 

i 

.. ,, ''• 

This is in response to your request for my views as to 
whether the C-17 alr(;.C"aft is subject to the survivability testing 

' ' requ~rements of 10 U.S.C. § 2366. 

Section 2366 prescribes' survivability testing before a 
"covered system" proceeds beyond low rate initial production. 
Subsection (e) defines a "covered system" to mean "a vehicle, 
weapon platfor-m, or conventional weapon system-

(A) that includes features designed to provide some 
degree of protection to users in combat; and 

(B) that is a major system within the meaning of that 
term in section 2302(5) of this title." 

Consequently, in order for the C-17 to be a covered system, 
subject to survivability testing, {t must meet three tests. 
First, we must determine whether the C-17 is a "vehicle," a 
"weapon platform," or a "conventional weapon system." Second, it 
must include features designed to provide protection to the users 
in combat. Third, it must constitute a "major system." With 
respect to the third test, it is clearly a major system, and 
consequently I will not discuss this point further. 

' With respect to the first test, the C-17 clearly is not a 
conventional weapon system or a weapon platform. Webster's Ninth 
New Collegiate Dictionary defines a vehicle as" ... a means of 
carrying or transporting something: Conveyance: as a: motor 
vehicle b: a piece of mechanized equipment .... " Blacks Law 
Dictionary, Sixth Edition, defines vehicle as "that in or on 
which persons, goods, etc. may be carried from one place to 
another, especially along the ground." While these definitions 
are broad enough to cover an airplane such as the C-17, the 
preferred usage seems to be land vehicles. Consequently, in 
interpreting the statute one has to look ~t what Congress was 
trying to gee at. 



Because·of the breadth of the terms "weapon system" and 
"weapon system platform," it is difficult to discern what the 
term "vehicle" adds to the equation. In this regard, it is 
instructive to note that the House Armed Services Committee, 
which initiated section 2366 as part of the National Defense 
Authorization Act for Fiscal Year 1987, was at the same time 
debating the survivability of, and the requirement for, live fire 
testing of the Bradley Fighting Vehicle. That may have been the 
catalyst for including the word vehicle in the list. 

There is no language in the reports accompanying the 
legislation that indicates that the committees considered a cargo 
aircraft to be a vehicle for the purposes of 10 U.S.C. § 2366. 
In fact, the conference report, in referring to the provision, 
appears to .l".lr.:p all three categories into the cate~u.ry of "major 
conventional weapons system." The conferees stated at page 498 
of the report accompanying the National Defense Authorization Act 
for Fiscal Year 1987, H. Rep. No. 1001, 99th Congress, that "the 
provision would require that a major conventional weapons system 
not proceed beyond low-rate initial production until (1) a 
realistic survivability or lethality test is completed .... " 
Given this, and the absence of a reference to cargo aircraft as 
being the sort of vehicle the Congress intended to be subjected 
to survivability testing, I conclude that the C-17, an unarmed 
cargo aircraft that does not engage in combat, is not what the 
Congress intended as a vehicle within the meaning of 10 u.s.c. § 

2366. 

However, the analysis does not end here. Turning to the 
second test, the definition of a "covered system~ requires that 
the system include features designed to protect the user in 
combat. It is my understanding that the C-17 does not have 
features designed to protect the user in combat, although some of 
the features would provide a degree of protection. The Air Force 
representatives at the meeting in your office on 26 September 
1991 indicated that the "protection features" on the C-17 are not 
unique to the C-17 but are also common on commercial aircraft to, 
for example, protect from lightning strikes. If this is correct, 
then it appears to me that the C-17 does not meet the second part 
of the definition of a covered system. 

Finally, the definition of the term "realistic survivability 
testing" indicates that the Congress did not intend to include a 
cargo aircraft like the C-17 within the scope of section 2366. 
This definition requires the firing of munitions "at the system 
configured for combat." First, it is our understanding that 
there are no plans to configure the C-17 for combat. Therefore, 
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the testing requirement could never be met if the C-17 were a 
"covered system." Second, the definition requires "testing for 
vulnerability of the system in combat by firing munitions likely 
to be encountered in combat (or munitions with a capability 
similar to such munitions.)" Such munitions likely would include 
surface to air missiles. Firing these munitions at the C-17 
would destroy a very costly aircraft. I do not believe Congress 
intended that result, and I would therefore not read section 2366 
to produce that result. 

While the foregoing leads to the conclusion that the C-17 is 
not subject to the requirements of section 23hli, ;_t does not 
prohibit anv testing of the C-17 that the Departm·.mt determines 
would serve a useful purpose . 

• 

cf: DD(T&E) 



( T&E l 

DIRECTOR OF 
n'='"""''N<O:I=" RESEARCH AND ENGINEERING 

WASHINGTON, DC Z0301 

'· 

2 7 OCT 1989 

MEMORANDUM FOR DIRECTOR, TEST AND EVALUATION (SAF/AQV) 
Noted by 
SAF/AQ 

SUBJECT: C-17 Live Fire Test and Evaluation Strategy 

The Air Force strategy for the Live Fire Test and Evaluation 
(LFT&E) of the C-17, as provided in your memorandum of October 
26, 1989, is approved. This LFT&E strategy needs to be reflected 
in the neY~ ~e~t and Evaluation Master Plan (TEMPl update. 

Approval is based upon the Air Force documenting, in both 
the TEMP and the Congressional Test and Evaluation Data Sheet 
(CDS), that the C-17, in the event of unsuccessful evasive or 
defensive response is vulnerable to higher order threats (23mm 
and above, HEI-high explosive/incendiary burst, multiple impacts) 
and that the Air Force considers the results of these threats to 
be catastrophic. 

Additionally, as provided in the LFT&E Guidelines dated June 
1, 1989, the Office of the Director, Live Fire Testing will 
review and comment upon the detailed plans for C-17 LFT&E and 
monitor the LFT&E program during its conduct. 

~ 
Acting Deputy Director 
Defense Research and Engineering 
(Test and Evaluation) 
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OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON_ DC 20301 

--
( T & E l 

1 4 NOV !92tl 

MEMORANDUM FOR RECORD 

SUBJECT: Meeting at C-17A Program Office on November 8, 1988 

The purpose of the meeting was to discuss the C-17 program 
office approach and timetable for responding to the LFT letter 
which detailed concerns about the proposed C-17A LFT strategy. 
The intent was to reach closure on the C-17 strategy between LFT 
and the C-17 office prior to the next year's TEMP submittal and 
deadlines for changes to the FY91 budget. Tile meeting was at 
WPAFB, arranged by MAJ Pudwill at the request of the undersigned. 
In attendance at the main meeting were: 

MAJ Pudwill, C-17 PEM 
MAJ Randy Davis, C-17 
Mr. Warren Tripp, C-17 

COL V. Kindurys, LFT 
LT Martha Smith, C-17A 
Mr. Marty Lentz, ASD/ENSS 

Prior to the main meeting, the undersigned and BG Butchko 
met privately (at my request) to discuss events which occurred 
during his briefing to OSD C-17 AOs on November 2. We expanded 
into the philosophy of the C-17A and its role in combat. 

Following that discussion, I raised the topic of procedures 
that we would adhere to in the future. Specifically, I again 
requested a copy of the 26-view vulnerability analysis. BG 
Butchko stated that he had only one copy of the 5-volume study 
and did not want to part with it or make a xerox copy. He stated 
that I could have full access to the document if I would travel 
to tHe C-17 office at Wright-Patterson AFB, OH. He would provide 
a desk in a secure area for me to work while there. I replied 
that our office not having a copy would make our work 
unnecessarily difficult and that I prefer to have copies of the 
documents. 

I ment~n~g that IDA personneJ.. .would be our agent in this 
matter. BG Butchko was not in favor of this claiming that the 
data was proprietary. I said that IDA was an FFRDC and that this 
should not be a problem. He insisted that I personally work with 
his office to avoid problems. I stated that the customary 
procedure is to provide documents to our office and to allow IDA 
personnel access to data requested through us. 

BG Butchko expressed his concern at the amount of time 
required by his personnel to respond to our requests. He also 



stated that he did not want us to go to the prime contractor and 
take their time as well. I assured him that I understood his 
management concern but that we did have a job to perform. BG 
Butchko had to leave for another appointment so the above items 
were not fully resolved. He said that he would leave the details 
to the discussion between the undersigned and his staff. 

The main meeting started with my providing the background 
for some of the comments in our letter. MAJ Davis stated that 
this explanation was helpful since they experienced sume 
confusion about the rationale for our comments. A di~cussion of 
the possible form of their planned response to the letter ensued. 
I emphasized that they should provide detailed references to 
tests that support their posjtion. These references would be 
requested by our office. 

MAJ Davis and MAJ Pudwill expressed a strong desire to 
cooperate with our office to reach agreement on the Live Fire 
Test and Evaluation (LFT&E) strategy. MAJ Pudwill stated that 
the primary purpose was to reach agreement prior to the 
submission of the Test and Evaluation Master Plan (TEMP) to OSD 
which is due in october 1989. I emphasized that agreement should 
be reached by May 1989 so that budget changes could be initiated. 
MAJ Davis said that he thought agreement should be reached by 
April. 

I was provided an opportunity to read the 5-volume 
vulnerability study after lunch. Given the size of the volumes 
and the time available, I simply scanned the documents finding 
them to be a standard 26-view vulnerability analysis of the C-17. 
A more thorough examination of the documents is needed. I 
elected to discuss philosophy of LFT&E and how best to respond to 
our letter. 

ACTION ITEMS: 

1. MAJ Davis will talk with BG Butchko on the release of the 
vulnerability study and allowing IDA access to the 
information. 

2. MAJ Pudwill will try to arrange a visit for me and COL 
Kindurys to an active MAC operation so we can gain a better 
appreciation of the use of the C-17. 

· .... ; .· .. 



3 . 

4. 

5. 

cf: 

I will alert IDA to travel to the C-17 office to study the 
documents in the event that our office is unable to acquire 
a copy of our own. 

MAJ Davis will forward to the Air Staff their response to 
our letter NLT January 13, 1989. 

MAJ Pudwill will provide that response to our office NLT 
February 3, 1989. 

tJJL-tt~~ 
Albert E. Rainis 
Staff Specialist 
Live Fire Testing 

ADUSD(TWP)/NAV WARFARE & MOB 
ADDDRE(T&E)/LFT 
ADDDRE(T&E)/WSA 
SAF/AQQL 
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OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, DC 20301 

1 1 UCT \98:3 

MEMORANDUM FOR SAF/AQQL, MAJ PUDWILL 

SUBJECT: C-17A Live Fire Test (LFT) -- INFORMATION MEMORANDUM 

C-17A has already budgeted $15M for LFT in FY90 which 
indicates a willi::.;; .. eo.;; 3 to plan for LFT. However, closu:.."' ell• the 
C-17A LFT strategy is still being pursued and the C-17A LFT 
budget for FY91 may have to be amended. The meeting on 
December 13 must establish a timeline for closure on the LFT 
strategy which provides sufficient time to amend the C-17A FY91 
budget to support LFT, if required. 

As we discussed in the October 7 meeting, Director, LFT, 
will need some information, prior to his attending the 
Conventional Systems Committee (CSC) meeting on November 14. We 
agreed to meet at WPAFB to discuss progress on addressing our 
concerns. You indicated that this visit could be arranged prior 
to the esc meeting. At that time, I would like to see the C-17A 
vulnerability assessment and have a copy sent so we can prepare 
for the December 13 meeting. 

If we can help in any of the issues which affect LFT, please 
let us know. 

Albert E. Rainis 
Staff Specialist 
Live Fire Testing 
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OFFICE OF THE DIRECTOR OF 
DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, DC 20301 

[14 APR \989 

~~~MEMORANDUM FOR DIRECTOR, STRATEGIC/SOF/AIRLIFT PROGRAMS, SAF/AQQ 

SUBJECT: C-17A Live Fire Test (LFT) Strategy 

MIIC..E. -

I am concerned about the delay in arriving at an acceptable 
C-17A strategy and the resultant impact upon future OSD program 
re·.-.:.;;,v~.;; The information provided this of<'i=e in the attached 
March 11 memorandum does not fully address the issues raised in 
our memorandum of September 21. The vulnerability analysis, 
cited as the basis for the C-17A LFT strategy and requested by 
this office in August 1988, has not been provided. References to 
substantiate the C-17A LFT strategy are also lacking. 

The C-17A LFT strategy which limits testing to 12.7mm 
against the leading edge causes us to be concerned. The single 
munition slated for testing does not address the range of threat 
weapons contained in the medium threat' environment specified in 
the C-17A System Operational Concept. Further, the leading edge 
of the wing may be a large contributor to the vulnerability of 
the C-17A but other components must be considered in the LFT 
strategy. 

A proposed LFT strategy which addresses our previously 
stated concerns has been prepared by our office and can be used 
as the basis for substantive discussions. We suggest a meeting 
at the action officer level, for the week of May 1, to examine 
the alternative C-17A strategies to reach closure in a timely 
manner. 

Enclosure 
AS STATED 

cc: 
TWP/NWM 

Charles E. Adolph 
Deputy Director 
Defense Research and Engineering 
(Test & Evaluation) 
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. DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

PERSONNEL AND SECURITY 

1777 NORTH KENT STREET STE 12063 

ARLINGTON VA 22209-2164 

November 5, 2001 

MEMORANDUM FOR EMPLOYEES 

SUBJECT: Federal Employees Health Benefits (FEHB)- Open Season 
November 12 through December 10,2001 

The U.S. Office of Personnel Management (OPM) has announced that an Open Season 
for Health Benefits Enrollment will be conducted during the period November 12. through 
December I 0, 200 I. with changes and new enrollments to be effective January 13. 2002. 

·The 2002 FEHB Open Season is your opponunity to enroll in health insurance coverage 
if you are not currently enrolled. If you are currently enrolled, you may switch from one plan or 
option to another. mo\'e from self only to self and family, or make a combination of these 
changes. This is also your opponunity to elect to panicipate in Premium Conversion (PC) if 
panicipation was previously waived. You may also elect to waive panicipation. 

If you are on a ''temporary appointment" please ensure you are reviewing the correct 
Comparison Guide. Employees on "temporary appointments" are required to pay the employee 
share of the premium as well as the government share. 

During this open season you can ensure that your change will be expedited so that 
you will most likely receive your New Carrier Identification Card before the effectin date 
(January 13, 2002) h~· using the Benefits Call Center (703) 617-7382, toll free (877) 521-
1923 or TDD (703) 617-0658. Counselors are 3\'ailable Monday through Friday from 7:30 
AM to 5:00PM EST to answer any questions you may liave. Once you're in the system, 
press "2" for Benefits Information and then press''2" again for Benefits and Entitlements. 
Follow the \'oice prompts after pressing "I" for current HRSC Service Employee and 
rntrring your social security number and PIN. (If this is your first time using the system, 
your PIN is your 2-digit month and 2-digit year of birth, e.g., June I 947 is 0647.) When 
you hrar the message "for Federal Emplo~·ee Health Benefits" press "I" and follow the 
voice prompts to make your Open Season Election. You may also make your FEHB Open 
Season election on our web site at httg:@erse.c" whs.mil/lu:sc/benefits.html.._dick_on~Benefits_ ____ _ 
Information", then dick on Benefits Online. 

Please note that all election forms must be received in your Administrative Office. 
Customer Suppor1 Operating Office (CSOO). Customer Ser\'ice Unit (CSU). or the Human 
Resource Ser\'ices Center (HRSC). AMC Building Room 2S32, 500 I Eisenhower A venue 



for the pay date offebruaJ!· I, 2002 or februaJ!· 7, 2002 (dependent upon your pay date) to 

verify that premiums for the plan you elected during Open Season are being deducted correctly. 

If you make a FEHB Open Season change, you should receive your identification card 
from your new carrier. normally 6 to 8 weeks after the effective date of your election. If you 
need proof of an emollment in a health insurance plan while awaiting the ID card. you can use 
your copy of the SF 2809 to provide your physician or hospital. If you use the Benefits Call 
Center or the WEB your ID card should be receind prior to January 13,2002. 

Temporary Continuation of Coverage (TCC): You should be aware that if you leave 
Federal employment you would be eligible for TCC (unless you are separated for gross 
misconduct). TCC can continue your emollment for up to I 8 months. TCC is also available for 
up to 36 months for dependents who Jose eligibility as family members under your emollment. 
This includes spouses who lose coverage because of divorce and children who lose coverage 
because they marry or reach age 22. TCC enrollees must pay the total plan premium (without a 
Govermnent contribution) plus a 2% charge for administrative expenses. There are specific time 
frames in which you or your dependent must emoll in TCC. Contact your HRSC Benefits 
Specialist for additional information. 

Special attention for those of you considering retirement: Did you know that there is a 5-
year requirement to meet before you can transfer your FEHB coverage into retirement?. You 
must be enrolled in the FEHB program for 5 continuous years immediately before retirement. 
The requirement is based on 5 years in the FEHB program. not a panicular plan. If you are 
interested in having FEHB coverage after retirement. \'OU must 1) be enrolled and covera~e - -
effective in a FEHB plan before your retirement. and 2) be co,·ered for 5 continuous years 
immediately before retirement. An imponant note is that TRJC ARE coverage can be included in 
meeting this 5-year requirement. as can coverage under a Federal spouse's FEHB enrollment. 
For example. if you are enrolled in TRICARE and plan to retire January 31.2002. you can enroll 
in FEHB during this Open Season and meet the 5-year requirement for continued coverage. If 
you are planning to retire 5 years from now. you may want to consider enrolling in FEHB during 
this open season. 

\ '-\_"'-~~· -, .\ ~··'-...___ 
~ncyJ.~on 

Chief. Em •ee enefits and Records 
Mana ement 

3 
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THE DEPUTY UNDER SECRETARY OF DEFENSE 
WASHINGTON, DC Z0301 

MEMORANDUM FOR THE SECRETARY OF THE AIR FORCE 
ATTENTION: AIR FORCE ACQUISITION EXECUTIVE 

SUBJECT: C-17 Vulnerability Program/Live Fire Testing (LFT) 

I have reviewed the Air Force approach for assessing the 
vulnerability and LFT of the C-17 (TAB A). I concur with the 
approach subject to certain changes of which the following are 
the most significant: 

Final testing being done on C-17 production 
representative wings. Conclusions on vulnerability and 
fixes can only be derived from testing on a C-17 wing. 
This does not preclude the Air Force from testing 
concepts on another wing type. 

After completion of lower caliber projectile test, Air 
Force and OUSD(A) consider extending tests to 20 and 
23mm. These higher calibers, although less likely to 
be encountered by the C-17, provide valuable insight 
into fuel tank hydraulic ram effect. 

Limited specific analysis is required for which testing 
is not cost-effective. There are potential 
vulnerabilities for which analysis serves in lieu of 
testing, so as to satisfy the FY93 Authorization Act, 
which mandated the provisions of the LFT law to the 
C-17. 

TAB B provide!: ';"'.= details of the changes in line-ir...'~"-= 
manner. TAB C is a clean copy of TAB B. 

Please provide an outline of the implementation plan and 
draft waiver language required by P. L. 102-484, section 132. (c) 
within 30 days and a detailed implementation plan within 90 days. 

1?aa::#.,rt:~ 
Attachments 




